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PREFACE
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SUMMARY

Problem

Promotion rates by race and gender are not equal in
the military services. However, which differences
represent “true” equal opportunity problems and which are
due to random variability in small populations? This
question must be answered in order for affirmative action
programs to be effectively implemenied and their
usefulness measured.

Purpose

The primary purpose of this report is to analyze the
promotion data in the 1987 to 1991 Military Equal
Opportunity Assessments. In addition, an attempt was
made to identify factors that relate to these problem areas.

Approach

The promotion board results were analyzed using a
Total Quality approach. Control charts were utilized to aid
in distinguishing random variation in promotion results
from significant differences in underlying promotion
opportunitics.

Promotion board data were investigated for
statistically significant promotion rate differences among
races and gender. Observed differences in rate were
compared against the likely differences that could result
from random varistion in a bascline model where cach
individual has an equal probability of promotion. If the
observed promotion differences were significantly greater
than that which the random baseline model might create,
then these promotion results are flagged as significantly
different. The significance level used in this report was 3
standard deviations (3-sigma), in accordance with current
standards for control charts.

Related background information was gathered and
cognizant points of contact were identified. In addition, a
model to identify reasons for promotion disparitics was
initiated.

Results

1. The Navy E-7 board produces the most significant
differences between males of different races. Black males
have been promoted at 3 standard deviations less than the
board average in every year from 1987 to 1991. In 1990
and 1991, every minonty male group was promoted st less
than ths board average. White males were promoted at 3
stancard deviations sbove the board average in four of the
five years.

2. Black males are the most under-promoted race/gender
roup. The specific boards with the most negative results
rom 1987 to 1991 were the Air Force E-8, E-9, 04, and

0O-5 boards; the Army E-7, E-8, and E-9 boards; the Nav,

E-7 board; and the Marine Corps E-7, B-8, and B-

boards. Black males were promoted at below the board

sverage in 52 of the 35 promotion boards held in these
categories. Black males were promoted at 3 standard
deviations below the board average in 18 of these boards.

3. The Army officer boards have been repeatedly (eight
out of eight officer boards from 1989 through 1991)
promoting White males at slightly below the board cverll
average rate. In cvery board, females were promoted at
greater than the board average, and non-White males were
promoted at greater then the board average in seven of the
eight boards. Although no individual board result was in
itself significant, this pattern over eight boards is sufficient
to warrant further investigation.

Conclusions

Promotion board results vary significantly with race
and gender. The most racially biased rcaults arc from
enlisted E-7 and E-8 boards.

1. The current Military Equal Opportunity Asscssments
are not effective at presenting promotion result differences.

2. The control chart is an effective method of analyzing
and displaying promotion board results.

3. The development of a model to help in the identification
of reasons for promotion disparities is feasible and would
be a valuable tool to target srcas for rescarch and
development.

Recommendations

1. Conduct further investigations into the source of these
significant differences in promotion rates, utilizing control
chart analysis for other demographic and personnel data as
it relates to promotion opportunity.

2. Utilize Total Quaiity methods (including control charts)
to analyze all equal opportunity data. Use Total Quality
methods to identfy problem areas, and to plan, implement,
and check the results of affirmative action programs.

3. H differences in promotion rates from race to race are
due to differing qualification levels in the individuals in
each race, utilize a Total Quality approach to identify
specific weaknesses which are barricrs to promotion.
Implement corrective action prograins which will raise
every peraon's qualifications for promotion. This will
serve to increase the quality of all individual service
members, and tend to decrease the difference in
qualification levels between the races.

4. Continue the effort to unl‘]ze the E-7 promotion board
processes in order to ideatify barriers to promotion for
minority males and develop strategies to overcome these
barriers.

iv




INTRODUCTION

Problem

The Department of Defense desires to ensure equal
opportuniiy for promotions and advancement for all
personnel. In cases where opportunity for promotion are
not equal, then corrective and affirmative actions need to
be implemented to create equal promotion opportunities.

An accuratc assessment of the existence or non-
existence of differences in promotion opportunitics between
races and genders is viuﬁy important in order to apply
affirmative action initiatives. It is thercfore necessary to
analyze the question:

Are promotion rates for each race and gender
combination within each Department of Defense
promotion board the same as the oversll
promation rate for the respective board?

In addition, & model needs to be developed that will enable
military leaders to idenlify possible reasons for promotion
dispanities and initiate possible corrective actions.

Purpose

One purpose of this project is to provide a statistical
analysis of the hypothesis that promotion rates are cqual for
cach race and gender. It will identify the promotion boards
and the races and gender where the promotion rates are
statistically significantly different. This report will also
provide a methodology to identify statistical significance
through the use of control charts and Total Quality
Management. Through the use of these methods, true
equal opportunity problem areas may be detected, analyzed
for potential corrective actions, and the impact of
implemented corrective actions verified. This follows the
*Plan, Do, Act, and Check” cycle used in Total Quality
Management.

This report provides an across-the-board look at
promotion rates in the Department of Defense from 1987 1o
1991. Although the annual assessments by cach service
have listed promotion data, no attempt has been made to
statisticaily test the data. Each scrvice has analyzed only
its own promotion data, and minimal analysis of trends
from year to year has been performed.

A sccond purpose cof this project is to gather
preliminary background information, identiiﬁ_dnu sources,
and establish cognizant points of contact. These types of
information will serve as a resource data base for mrc
equal opporntunity related research.

Background

Department of Defense Instruction 1350.3 states:

It is DoD policy for the Military Services to
monitor and report on selected dimensions of
their personnel programs to ensure equal
opportunity and fair treatment for all Service
members tKrough affirmative actions and other
initiatives. It is the prerogative of the Services
to cstablish requirements for aifirmative action
lans and asscssments at organizational levels
low Service headquarters.

This instruction further specifics that each Service will
provide an annual Military Equal Opportunity Asscssment
(MBOA). Specifically, promotion data is to be reported
using DD Form 2509 (Appendix C).

The annual Military Equal Opportunity Assessments
include the number of personnel considered and the
number of personnel promoted, broken down by the
followir.g categories (per DODI 1350.3):

1. Service. The Army, Navy, Air Force, and Manine
Corps each generate an asscssment of their respective
data.

2. PFiscal Year. These assessments are published
annually. Bach report contains the current ycar data
and the previous three years. Data fer fiscal year
1987, 1988, 1989, 1950, and 1991 were analyzed for
this report.

3. Rank. Ataininimum, the assessments contain dats for
senior enlisted advancement (to B-7, B-8, and E-9)
and data for middle grade officer promotions (to 04,
C-5, and 0-6).

4. Race. Data are to be provided for the following
categorics:
Amecrican Indian and Alaskan Native
Asian American and Pacific Islander
Black (Non-Hispanic)
Hispanic
White (Non-Hispanic)
Other or Unknown

5. Gender. Each of the races is to be further sub-divided
by gender (Male or Female).

The personnel considered are the number of personnel that
were “in-zone” for the respective promotion.

The MEOA i also to include a numerical and
narrative comparison of the data over time for evidence of
change or re ative fluctuations. Currently, the MEOA
contains no analysis of whether the abservzd prowotion
differenoces signify equal opportunity problems, or are
simply due o random chence.

The sources for the data in thir report were the Fiscal
Year 1990 Military Equal Opportunity Asscssment for cach
Service, and advance copies of the promotion data for the
1991 assossments. These sdvance copies were provided by
the individual Service Equal Opportunity organizations.



Method

The primary graphical analysis tool used in this report
is the control chart. Control charts have been used in
industry for analysis of repetitive processes. The control
chart is used to inveatigate individual outputs and to
perform rudimentary trend analysis. Control charts display
cach ind.vidual result versus the overall average result.
Control limits are also established which are three standard
deviations (3-sigma) ¥ sm the average result. If an
individual result is ou.side the 3-sigma limit, then the

rocess is "out of control.” Recsults outside of the 3-sigma
rimils represent points that are highly unlikely to occur
simply due to random varistion, and are statistically
significant.

The concept of statistical significance is extrcmely
important. Without it, affirmative action initiatives may be
applicd to observed differcnces in promotion rates which
may have occurred due to chance variation. The small
populaticns in some minority categorics may lead to
apparent differences which are falsc alarms and do not
require action.  On the other hand, an apparentiy slight
difference in promotion rates between two reasonaoly large
groups may be overlooked when the difference is actually
highly significant and may affect hundreds of persons.

In order to asserq the observed differences in the
promotion rates, oné may use a random promotion process
as a baseline model to compare with the actual observed
results. In the random model, one assumes that every
individual in the population has an equal probability of
becing promoted. Bach individual's promotion or no~-
promotion is decidcdrurcly randomly and is independent
of any other individual. Any differences in results g;wecn
individuals or groups of individuals is due to random
variation.

An observed difference in promotion rates between
two actusl groups in a population can be expressed interms
of the probability that the random process model (with an
equal promotion probability for each individual) could
generate such a result. This probability that the random
process could produce the cbserved result is the statistical
significance level. The statistical significance level may
also be thought of as a “false alarm” rate. If the random
model should only produce as severe & result as was
actually observed in one of onc thousand like promotion
boards, then the significance leve! is 0.001. Interms of the
"false slarm" analogy, if onc were to declare these two
groups' promotion rates are "different,” there would bea
0.001 chance that the declaration is in error—that instead
these differing promotion results were simply generated b{
random chance and the baseline probability for eac
person’s promotion was equal.

Statistical significance levels may be used 1o assist in
differentiating between difTerences in emmo(ion rics due
to random variation and due to “true” equsl npportunity

roblems. The statistical thresholds or control limits

ctween probable random variation and “true” problems
may be plottcd on a control chart. The control chart is an
cffective graphical ot for finding significant differences in
promotion rates between races and gender.

A literature search was conducted with the assistance
of the Defense Equal Optonunity Management Institute
library. Literaturc was obtained through this library and
through inter-library loans. Primary researchers in the
field and representatives at various rtment of Defense
organizations were contscted to acquire information and
scrve as points of contact for future efforts.

An additional task, slthough not a part of the formal
tasking, was an attempt to develop a model to aid in the
identification of the causcs of differences in promotion
rates. Such a model would also be useful for initiating
sflirmative actions. The approsch taken was to define and
snalyze the promotion board process for a specific rank
and service. The rank or Service chosen would be based
on the promotion board data analysis results. Several
events in the promotion board process that might retard the
advancement of a populstion sub-group were identified.
The defining of the board process was accomplished by
review of Department of Defense directives, telephone
interviews 1o cognizant individuals.

The use of control charts and statistical significance
are important factors in Total Quality methods. The
application of Total Quality includes scparating random
variation from variation with underlying causes. In this
manncr, apparent equal opportunity problems may be
identified, prioritized, and corrective actions implemented.
Following up of corrective sclions with further data
analysis 1s also required. Total Quality and Equal
Opportunity share many common goals, and the tools of
Total Quality are applicable to Equal Opportunity
affirmative sctions.

CURRENT
MEASUREMENT
TECHNIQUES

The purpose of discrimination measures is 1o provide
means to asscss the need for affirmstive action, and the
impact of affirmative actions taken. Such methods should
aid in comparing actusl results achieved with affirmative
action goals, illustrate trends, and highlight the magnitude
of differences.

The first step toward affirmative action progress
assesament is the collection of data relating to the group(s)
considered for each category. Department of Defense
Directive 1350.2 provides guidance for the collection and
reporting of equal opportunity asscssment data.

The Military Equal Opportunity
Assessments

The promotion data section of these reports includes
the aumber of personnel considered and the number of
Rr:‘:nnel promoted by year, rank, race, and gender.

dala arc preaented in a tahular format, as described
in Appendix C, DD form 2509. The respective promotion
rates are calculated and rounded to the nearcst 0.01. In
some reports, graphs of promotion rates versus the oversll
average are presented.
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No specific statistical testa are specified to be
performed, nor are any performed. There s no indication
if the promotion rates presented are significantly different
from group to group. The reader is left to determine if a
difference between two groups is an item that requires an
action. Some hesitation over the small population sizes of
certain minoritics is expressed, but is not explained in a
manner thet clearly states whether the differences in

romotion rates in such cascs are important or not. In
arge populations where small changes in promotion rate
are important, the rounding of the promotion rate to the
nearest 0.01 hides significant differences between groups.

The graphs which arc provided in some MEOA's do
not show the significance of differences, and the data in the
graphs are also shown rounded to the nearest 0.01.

The Representation Index

On occation, & number referred to as a
"Representation Index” or “Difference Indicator” is
presented. However, the Representation Index (R.1.)
provides little new information. It is basically a ratio of
the promotion rates for two difterent groups. The
statistical significance of the Representation Index varies
greatly with the sizes of the two populations.

The R.1. is defined in the Department of the Army
Pamphlet 600-26, and is intended to create a siandard by
which to measure the degree by which two rates are
different. [t can be used to compare the actual number of
minority members promoted versus the expected number of
minority members promoted. The formula utilized is

R.1. = ((Actua! number promoted/Expected Number) x
100) - 100

The “cxpected number™ promoted is the number of
minority members considercd times the overall mate of that
minority in the Service population. The R.1. is usually
expressed as a percentage. If the actual number promoted
occurred exactly at the rate for the entire population, then
the R.1. will cqual zero. If the minoriiy promotion rate is
greater than the overall rate, then the R.1. will be greater
than zero. If the minority promotion rate is less, then the
R.1. will be less than zero.

Unfortunately, little is accomplished by this
calculation. The basic problem is determining what value
of the R.1. implics a li.f‘:iﬁcant difference in the minority
promotion rate versus the oversll rate. The original report
that created the R.1. formula provides a graph to convert
R.1. values to staiistical significance level. A copy of this
graph is provided in Appendix D. Use of such a
conversion gives the R.1. more usefulness as a statistical
tool. However, the R.1. is not as uscful as directly
calculating the statistioal significance levels. This report
recommends calculating the statistical significance levels of
differences in prumotion rates directly.

Chi-Square Test

The chi-square contingency table test is the only
method in use in current equal opportunity studies which
cxpresacs the statistical significance of the observed
differences between race and gender categories. The chi-
square is geanenally a good test for detecting differences in
proportion from one group to the next. Bach group is
assumecd to be a random sample from some overall
population.

The chi-square contingency table test is used to test
the hypothesis that th= mean (or average) frequencies of
occurrence are distributed in the same proportions from
category to category. Specifically, the appropriate
hypothesis for this report is that the overall promotion rates
for each race/gender category are equal, with observed
differences being due to random variation.

The disadvantages of the chi-squarc teet include:

1. It gives only a Yes or No answer to "are the rates
different?” It does not show which group is the
"different” group, nor does it give the direction of
the difference.

2. It is difficult to include within a graph presenting
promotion rates.

3. Itis difficult to compute.

4. It is not accurate for small sample sizes (See
reference (o Yate's correction below).

The mechanics of the chi-square test include
calculating the expected number of people who would be
promoted and not promoted for each category. The
expected number promoted (or not promoted) are the
number of people considered for promotion in cach
catego-‘:z. times the overall promotion (or non-promotion)
rate. This number is the number of people who would be
promoted (or not promoted) if the promotion rates werc
exactly equal among the caiegories. The differences
between the expected and observed number promoted and
the expected and observed number not promoted in each
category are calculated. These differences are squared and
then divided by the expected number of promotions (or
non-promotions) in cach category. Finally, all these
squared differences are summed together and the fina!
value compared sgainst the value of the chi-squarc from a
chi-square table. If ths vaiue from the table is exceeded,
then the promotion rates are different.

The chi-square could be used to test any number of
categories, for example, all twelve combinations of race
and gender in s given promotion board could be comparsd
to sce if the board results are distributed evenly. One
limitation of using the chi-square in this manner is that it
only gives a yes or no answer. If the chi-square was uscd
in this manner, and gave a result that stated that the
promotions were not distributed evenly, further analysis
would be required to determine which races and gender
were the source of the "unevenness,” and in which
direction the unevenness occurs. The chi-squarc test
results are also difficult to graph and display in a readily
apparent manner.




A 2 x 2 chi-square test is useful to use when
comparing one group against all other groups. The2 x2
chi-square sums the squared differences of four values:

1. The difference between the number of minority
members promoted and the expected number of
minority members promoted is squared and divided
by the expected number of minority members
promoted.

2. The difference between the number of minority
members not promoted and the expected number
minority members not promoted 1s squared and
divided by the expected number of minority members
not promoted

3. The difference between the number of non-
minority mcmbers promoted and the expected
number of non-minority members promoted is
squared and divided by the expected number of non-
minority members promoted

4. The difference between the number of non-
minority members not promoted and the cxpected
number of non-minority members not promoted is
squared and divided by the expected number of non-
minority members not promoted

These four values are summed and compared against the
chi-square value from a chi-square table with one degree of
freedom. For example, if the sum exceeds 10.8, then the
minorily and non-minority promotion rates are statistically
different at a significance level of 0.001.

The 2 x 2 chi-square is not accurate when the
expected number of occurrences in any category is less
than 6. The chi-square tends to exaggenate the significance
of differcnces in these cases. Several schemes, including
"Yate's adjustment” arc available in atatistical texts for
correction of this inaccuracy.

PROPOSED
METHODOLOGY:
THE USE OF
CONTROL CHARTS

The promotion data presented in the Services' Military
Equal mertunity Asscssments were analyzed for
statistically significant differences in promotion rates
between race and gender categories. The method of
control charts was used to display the differences between

romotion rates. Like the graphs used currently in the

EOA, these control charts display the promotion rate for
each race/gender group and the overall promotion rate for
the board. The important new item added is the 3-Sigma
control limit for these group promotion rates. If the
promotion rate for a given race and gender falls less than
the control limit, then the group promotion rate is less than
the overall board promotion rate at a significance level of
0.00127. Since one can also be interested in significantly
high promotion rates, the significance level for values
outside (in either direction) the control limits is two times
0.00127 (0.00254) Points outside of the control limits
highlight areas of concern where further investigation
should occur and affirmative action taken. Control charts
also are a basis of Total Quality.

Total Quality Management

Much of the Department of Defense is implementing
Dr. Deming's Total Quality idecas. These methods have
boen referred to as Total Quality Management or as Total
Quality Leadership. Total Quality focuses on process
improvement. The process of interest for this report is the
military promotion system. Total QunlitK methods may be
used to attain cqual opportunity. The goal of Equal

rtunity is to ct)rovidc equal opportunity for promotion.
The corresponding goal for Total Quality process
unprovement should be to improve all persons’ opportunity
for promotion and, as a side cffect, equalize all persons’
opportunity for promotion.

Differences in promotion opportunity will exist
between groups in & military population even with a
completely "fair* promotion system duc to the differences
in individuals’ strengths and weaknesses. An effort
undertaken to improve the strengths desired for promotion
in any weak individual groups will result ia an increase in
quality for the entire organization. Many times sn
o;fnniution is only as strong as the weakest link in its
chain.

One of the basic principles espoused by Dr. Deming is
the use of data to support management decisions. A
recommended tool is presentation and analysis of data
through the usc of control charts.

A control chart is a statistical device principally
uscd for the study ai1 d control of repetitive
processes [here, promotion boards). Dr. Walter
A. Shewhan, its originator, suggests that the
control chart may serve, first, to define the goal
or standard for a process that the management
might strive to attain; second, & may be used as
an instrument for attaining that goal; and, third,
it may serve as a means of judging whether the
goal has been reached.

Statement of the Goal

The goal of Equal Opportunity is that each
race/gender group should have the same opportunity for
gromotion as any other group. Promotions should be

nted on the basis of an individual's professional merits,
and not be influenced by the individual's race or gender.
A control chart can be utilized to detect significant
differences in |ﬁrcomotion rates between the races and
g;der in the military population that are not likely to have
caused by random variation.

The Control Chart as an Instrument for
Attaining the Gozsl

If significantly different rates between groups are
found through use of the control chart or other statistical
tools, then further evaluation of the di te group should
be made to determine the source of the difference in
promotions. The control chart may be utilized on other
personnel data attributes in order to discover which
strengths or weaknesses dominate the decision of whether
or not to promote an individual. Distribution of these
strengths and weaknesses may be coincidentally distributed
with race and gender.

-




A process thetdentifies and carreets professional
weaknuesses that impede promotosn should resnli inbetier
indivianal qualhity and periormance 11 the promotion
precess as based upon vahda ments necaed vy the military,
then such an effont o increase the merits for promotion in
all personnel will result in a higher quality military force
Uncqual promotion rates among cerlain groups (by race,
gender, cducation, tramang, ctc ) should he taken as an
opportunity to Wdentily weaknesscs in the group and correct
the weaknesses  The purpose of the control chart s to
identify such weaknesses so that afiinmative actions may be
implemented.

Use of Control Charts to Evaluate
Achievement of the Goal

Ensuring that ali groups of the military population
havc pronotion v ppontunitics that do not vary r.ccording lo
race or gende, will require many long-term programs. The
usc of contro} charts to evaluate progress towards
equalization is inportant, and is crucial to applving Total
Quality to the promotion process. This rport will
primarily cvaluate if the militar is currently at the goal of
cqual promotion opportunity for all groups regardless of
gender or race. The primary tool {or this evaluation will
be the analys:s of promotion data using coatrol charts and
lotal Quality methods.

The control chart has important advantages in
cvaluating promotion data. First, it 1s a visual representa-
tion of promotion rates, and condenscs pages of numbers
into a onc page graph. More imponantly, the control chart
can display individual datum poiats which exceed the
variation that might be expected if the promoticn
probability was equal for each individual. The worst case
vanation which might be expected from a random process
with equal promotion probabilitics are plotted as the
“control limits.” If no points are outside of the control
limits, and no non-random trends or paulerns are apparent,
the process being graphcd is said to be "in control.”
Variations in data tn an "in control” process appear to be
random. [ndications of an "out of control” process are
points outside the control Limits or other indications that the
varialions in the process do ..ot appear random. While an
individual datum may not in itself be significantly out of
specification, several data points in a row slightly out of
specification may indicate an "out of control” process.

The utilization of control charts in this report varies
slightly from the standard industrial use of control charts
for quality assurance. Standard control charts assumc that
a constant proportion rate cccurs over time. Promotion
rates will vary and are expected to vary by scrvice, year,
and rank. This variation is not of concern in this
application, but it means that a single overall promotion
rute may not be utilized from board to board. Only
variation by race and/or gender within a given service,
year, and rank combination is of concern. Trends from
board to board may stull be visually detected, but instead of
a single, overall promotion rate for all boards being
displayed on the control chart, the overall promotion rate
for the individual board will be displayed.

Comparing promotion e solety swothom a oo
beard does have a statistical umpact . The standand o ot !
chart compares current data against past lata The Carrce

data are nol uscd an the caleulation of thie averals
performance rate. Howcewer, on these premstion cenlr.,
chans, the promotions accurning to cach race gender group
are included in the overall promotion rate that the group o
being compared to. This will cause the coatrel chan t he
shightly less sensiive to detecting a difference between the
promotion rate of the majority tor a vizable minosity)
versus the rest of the population tar the board.

Control Charts and the Chi-Square Test

The 2 x 2 chi-square procedure is very similar to the 3
Sigma comparison in a control chart. The chi-square 1>
slightly more accurate for large popuiation cases inthat
compares the promotion rate of the group to the promotion
rate of people not in the group. If the size of the group is
sufficiontly large to affect the overali promotion rate of the
population, then the control chant used in this report will be
less scasitive to changes than the chi-squarctest The
control chart could be made to be mathematicals.
equivalent to the chi-square procedure if instead of piotln
the overall population promotion rate vone plotted the
promotion ratc of the personncl not in the group.

It was decided noi to use this modification on the
control charts for this report duc o:

1. The increase 1n the number of calculations
requircd (two rates nced to be ¢alculated for cach
group instead of just the group rate and one overall
rate).

2. The increase in complexity in the control chart as
there is no convenicnt method to plot chi-square
valucs wilh the promotion ratcs.

3. The binomial confidence interval for small sample
sizes could not be as readily used (although Yate's
correction could be used for the chi-square).

4. For the most part, promolion rales for minonues
are of concern. Minority group results will cause
less shifts in the overall promotion results.

For comparison purposcs, the respective chi-square values
were tabulated with the listing of the "out of control”
(outside 3-sigma) promotion board resulls in Appendix E.

Control Chart Mechanics

A control chart is constructed by plotting the variable
of concem for the process on the y-axis. In this case, the
promotion rate for each group is the variable of conccrn
Repeated output values from the process proceed along the
x-axis. If one is looking al a single promotion board, then
one might plot racc and gender categories on the x-axis.
For an example, sce Figure 8 + hich plots the results from
the. Navy E-7 board in 1991. Control chans of this fornat
would be extremely uscful in the Service Military Equal
Opportunity Assessmcnls.

The next step is to determine the overall promotion
rate for all persons considered by that promotion board.
This is ploticd as a horizontal line on the control chart. In
all figures in this repont, the overall average promotion rate
for cach board 13 plotted as a dashed line




Control Limits

Tle final step to creating a control chart is crucial--
the sctting of the contro! limits. I a datum point is plotted
outside of the control limits, a Total Quality manager
concludes that the proccss 18 "out of control.™ An out of
control process is anc in which the variation observed in
the output of the process is probably due to some specific
faclor other th. 1andom variability. In this reportitis a
proup promotion resuli that indicales that the variation in
the promotion process is not sunply random vanation. The
race/gender group corresponding to this point has a
sigriticantly different promotion rate than the overall
aver.ge.

Most statistical texts recommend sctting the control
chart control limits at three standard deviations from the
mear. ar average) of the process oulput value. A standard
deviation is gencrally signified by the Greek letter sigma
(0). so these control limits are often referred to as "3-
Sigma Limits.”

In some cases, the standard deviation of the process
output must be estimated from past data. For example, if
one were concerned with the weight of roofing nails
produced by a factory as an indication of the quality of the
nail, unc would need to calculate the average weight and
tic standard deviation for these weights from past data. If
the data were normally Aistributed (that is, it follows the
“bell” shaped curve), then the probability that a given
nail’s weight would be farther than 3 stanaard deviations to
one side of the average is 0.00127. Thus the probability of
recciviag a process output value outside of the 3 sigma
lmaits is approximately 2 in 1000 (therc are two sides
avalable totalling 0.00254 probability). Therefore, if one
measured the weight of a given nail and received a value
outside of the 3 sigma limits, it is very unlikely that
random vanability is the causc. Note however, that if one
measured 1000 nails, onc would cxpect to find 2 or 3 of
these nails to be outside of the 3 sigma limits simply due to
random vanation.

It is because that occasionally one might find a nail (or
process output) outside of the control limits simply due to
random chance that the control limits are also referred to as
the significance level for a statistical test. For a 3 sigma
control chart, one could say that an out of control (outside
3 standard deviations from the process average) point iy
statistically significant at a 0.00254 level. The significance
leve! may also oc thougit of as & falsc alarm rate. That is,
when using 3 Sigma limits, onc would expect to receive 2
or 2 false alarms (falsely indicating an out of control
process) out of every thousand data values gencrated in a
strictly random process.

In this report, there were 1172 pioinotion data points
to consider. Thinty-two of these 1172 points were below
the 3 Sigma level of the promotion ratc “>r their respective
promotion boards. This far exceeds the expected "false
alarm” rate of approximately two (0.00127 times 1172).
Therctore, the hypuinesis'tnat promouon rawes are equal tor
all minority groups in the Department of Defensc
SHCULD BE REJECTED at a statistical significance level
of 000.;.

Binomial Data

In the prcvious example of roofing nails, the process
output (weigh' of the nail) could be any value from zero to
infinity. Howevcr, the output of the promotion process is
more discrete. The number of persons promoted must be
an integer (cach person is either promoted or not promoted,
with no fractional results possible) and can be no morc than
the numbcer of persons in that group considered for

romotion. If the number of persons considered 13 very
arge, then the possible outcomes are nearly continuous and
may be represented by the Normal (or bell-shaped)
distribution. However, if the number of pcrsons
considered is small, the possible outcomes are limited and
the process inust be represented by the binomial
distributicon.

The standard deviation of a binomial distribution is
always

Jpli-p)n

In this casc, "p” equals the overall promotion rat~ observed
for the cntire promotion board, and "n" equals ‘hc niumber
of individuals in the category (race, gender comnbination)
being examined. The process improvement goal is then to
reduce the variability between races and gender to the
variability that would be expected by the binomial
distribution.

The binomial distnibution is generated from repeated.
independent go-no go trials. Such individual trials are
called Bernoullitrials  The statistical characteristics of a
hinomial procesy is:

1. Tt -ea ¢ only two possible outcomes for cach
individual (Smith is cither promoted or not
promoted).

2. The outcome of one trial dees not affect the
outcome of another trial (Jones being promotec does
not affect Smith’s chance at promotion).

3. The probabiiity of each outcome does not depend
on any non-random factor (Smith’s promotion does
not depend on his race or gender,.

It apﬁcan that this last characteristic also implies that
Smith's promotion does not depend upon his ability or
performance! In fact, a completely (statistically) fair
promotion process would be to promote or not proniote an
individual solely as a result of a coin flip. If the same coin
were tossed o determire everyone's promotion, then race
and gender would have no impact on promotion rate.

A promotion process where each person considered
for promotion is judged solely on his or her "merit” for
promotion, and where these "merit”™ factors are randomly
and evenly distributed among all races and gender, the
results by race and gender will display the characteristics
of tne vinomial process. Thatas, the only variation
between races and gender will appear to be random.

If chance variations ["merit” fectors) are
ordered in time or possibly on some otner basis
{race and gender], they will behave in a random
manner. They will show no cycles or runs or
any other defined pattern. No specific variation
to comc can be predicted from knowledge af
past variations.




On the other hand, vanation produced by chance
causes follows statistical laws. For example, if
10 pennies are tossed in a random manner, the
relative frequencies with which 0,1, 2, 10
hcads occur will tend, &s the tossing is
continued, to approach the frequencies of a
binomial distribution. Likewise, in random
samples of n units [persons) cach from a
{promotion] process that is affected only by
chance causcs, the probabilitics of getting 0, 1,
2, .. ., n nonconforming [or personnel
promoted from a minonty] will also be given by
the binomial distribution. The variation
produced by a system of chance causes can thus
be predicted for mass phenomena.

Knowledge of the behavior of chance variations
is the foundation on which control chart analysis
reats. I a group of data is studied and it is
found that their vaniation conforms Lo statistical
paticrr that might reasonably be produced by
chance causes, then it is assumed that no special
assignable causes are present. The conditions
which produced this variation are, accordingly,
said 1o be under control. They are under control
in the sense that, if chance causes arc alone at
work, then the amount and character of the
varialion may be predicted for large numbers,
and it is not possible tc trace the variation of a
specific instance to a particular cause { i.c. bias
for or against a minority]. On the other hand, if
the vanations in the data do not conform to a
pattcrn that might ressonably be produced by
chance causzs, then it is concluded that onc or
more assignable causes arc at work. In this case
the conditions producing the variation are said to
be out of control.

Ifthe promotion ~ontrol charts display that the process is
out of control, then, following the Total Quality ideas, one
should examine the out of control data points to try to
determine the assignable causes, and work o correct the
assignable causes. Appendix E licts all of the points
outside of the contro! limits found in the 1987 to 1991
promotion data.

Calculation of 3-Sigma Limits for
Promotion Data

The following e?uatiom may be used to generate the
3-sigma upper control limit (UCL) and lower control limit
(LCL) for cach race and gender category:

UCL=p+3xJp(l-p)/n

LCL =p-3xJ/{p(l-p)/n

As in the previous equation for binomial standard
deviations, "p” cquals the overall promotion rate for the
promotion board, and "n" equals the number of persons in
the race/gender category. Use of these limils approximates
the binomial distribution as a Normal distribution. This
approximation is finc for large groups. As group sizes
decrease, this approximation becomes less accurate. It
tends to produce larger control limits than would be

accurate--lower contro] limits less than zero or upper
control limits greater than one could result. No promotion
ratc could actually be less than zero or greater than one
One would tend to not be able to detect significant
proportion differences in small minorities.

A more accurate method of determining the control
limits fcr small gr~ups (generally where the expected
number ..f persor.s to be promoted is less than ten) is o
utilize the binomial distribution itself. Confidcnce micevals
for the binomial distribution are printed in scveral
statistical texts. The 0.00254 (correspondingto 3 Sigma)
control limits for this report were generated by a computer
algorithm which generated the binomial probabilities for all
groups whose expected number of promotions was less
than 100. This program was written in dBase 11l PLUS.
Scc appendix F {or a listing of the program. Similar
programs could be wrnitten in any computer language.

The Noimal approximation upper and lower control
limit should be sufficient for most contro! charts. Usc of
the approximation will tend to not detect differences in
promotion ratcs that the binomial control limits would
detect as statistically significant. Generally, small
populations require large shifts in proportions to be
determined to be statistically significant. In this report,
only three of the 32 groups ihat have a significantly low
promotion rate were of a size less than 100. The usc of
binomial limits is a refinement, but not an absolute
necessity.

Trend Analysis

The use of upper and lower control limits on a control
chart identifics individual points that are “out of cuntrol”
and should be investigated. There may also be statistically
significant differcnces in promotion rates that occur over
sevenal promotion boards, but no individual promotion rate
is severe enough to go outside of the 3-sigma significance
level. There are several additional statistical iests that may
be applied to control charts. Some of these schemes are
listed in Quality Control and Industrial Statistics, Chapter
7. Thesc schemes involve identifying “runs” on the control
chart. For example, seven points in a row all above or all
below the average promotion rate is considered statistically
significant in this reference. This reference also
recommends that a run of 2 or 3 points in a row outside of
2-sigma (two standard deviations) be investigated, and that
a run of 4 or 5 outside of 1-sigma Limits be investigated.

Another trend anaiysis tool for binomial data is
logistic regression. Jtis a special regression tool (similar
to linear regression) that is especially useful with binomial
data, The statistical theory of logistic regression is beyond
the scope of this report. Several computer statistical
software packages support logistic regression, including
BMDP and SAS.




The Role of the Control Chart

Overall, the control chart is vital to attaining equal
opportunity.

A control chart may thus be used to specify the
goal of management. It is also an instrument for
attaining that goal. To sec whether a process is
in control, past data pertaining to the process are
plotted on a control chart. If the data conform
to a pattern of random variation within the
control limits, the process will be judged as
being in contro! at a level equal to the mean line
on the chart. If the data do not conform to this
pattern, as is almost always the case in the
beginning, then departures from the pattern are
investigated and assignable causes tracked down.
If an exceptional cause of variation is on the
unfavorable side, the effort is made w eliminate
the special cause of this variation. It the
cxceptional variation is on the favorable side, an
cffort may be made 10 extend and perpetuate the
cause producing it. In this way the process may
eventually be brought close to a state of
statistical control at a desirable level. After a
condition of control has been satisfactorily
approximated, departure from the condition may
be quickly detected by maintaining a control
chart on current oulput.

Altlwough a high promotion rate for a given group is
not favorable, an cffort should still be made to determine
why this group was promoted at a higher rate than the
other groups. If the cause of the high promotion rale isa
direct result of racial and/or gender bias, then cfforts can
be taken to reduce that bias. If the cause of the high
promotion rate is some indirect positive characteristic that
one group happens to hold more than others, then effort
could be directed tc increase the desirable chanacteristic in
the other groups.

The reader should also note the following: If no
points fall outside the contrel limits and if there
is no evidence of nonrandom variation within the
limits, it does not mean that assignable causcs
aic not present. It simply means that the
hypothesis that chance causes are alone at work
is a tenable hypothesis and that it is likely to be
unprofitable to look for special assignable
causes. . . . If chance can rcasonably explain
our results, we look no further. Thus, if a
control chart shows a process is “in control.” it
mecans that the hypothesis of random variation is
a rcasonable one to adopt for managerisl
purposes. When the chast fails to show control,
then other action is reasonable.

Ideally, the qualitics that are desired of & person in ordet to
l-¢ promoted arc spparently randomly distributed
thraughout the entire population. Efforts to artificially
increasc the promction rates of certain groups will
generally be detected as non-random patterns. The
existence of such promotion "quotas” would be detectable
by control chan.

This report assumes that a "fair” promotion process,
with equal opportunity of promotion for all individuals, can
best be modelled as a random binomial process. The
binomial prceas assumes that each individual has an equal
grobability of promotion. Thus, for the actual promotion

oard proccss, if all promotion data for ¢ach race and
gender catcgory fall within the 3-sigma control limits for a
random process, and no other trends are apparent, one may
assume that a “fair" promotion process is in effect, and
little may be gained by further investigation and actions.
If, however, data falls outside the control limits, or other
non-random patterns exist, then action should be taken to
create a more “fair” promotion process.

ANALYSIS OF

PROMOTION BOARD
RESULTS

Overall, there are significant, non-random differences

in promotion rates between races and gender. The actual

-omotion data does not fit the "fair® modcl of random

, omotijons based on a binomial distribution with each

individual’s probability for promotion being equal. The

most apparent problema occur with minority males in the

Navy 2-7 board:, and Black males in many enlisted
promotion boards.

The results of the promotion rate analysis arc
presented here using control charts. The purpose of the
control chart is to determine if the variation in promotion
resulis from race to race and gender to gender is greater
than the variation a random promotion process would
create.  Areas of high variation (outside of 3-sigma limits,
for examplc) arc arcas where differences in promotion
rutes between race/gender groups probably occur.

These control charts are displayed in the following
manaer. The overall promotion rate for each promotion
board (by service, year, and rank) is shown as & horizontal
dashed line. The promotion rate for the specific race and

ender in that board is shown as a solid horizontal line.

he 3 sigma upper and lower control points are shown as
the ends of a vertical line. Note that because each sample
size (number of people in each race/gender category) is
different, the upper and lower control limits are different
for cach category.

Any promotion rates that are above or below ths 3-
Sigma control limits are circled. These are promotion
board reaults that would be highly unlikely (significant at
0.00234) if the promotion rate was oqual for all
race/gender calegorics.

This chapter also demcnstrates several uses of contrui
charts in trend analysis. Control charts have been
organized by race and year (e.g. displaying results for
Black males in each 1991 board), by rank and yeer (¢.g.
displaying results for all races in the Navy E-7 board), and
by seivice and race (c.g. displaying the results for all Air
Force Black males in 1987 - 1991 enlisted boards). This
should provide the reader with varied methods of
organizing dats for future control charts.




Appendix B contains a complete list of all promotion
boards that were outside of the 3-aigma limits for their
respective control charts. A total of 34 promotion resulta
below the lower 3 sigma limit are listed. A total of 52

motion results sbove the upper 3 sigma limit are listed.
istribution of these out of control points arc shown in
Teble 1.

Tadle 1
Distribution of Out of Control Promotion Reaults by
Service and Rank

Numbers of Out of Control points by Service:

US ARMY US AIR FORCE US NAVY US MARINES
29 25 22 10

Numbers of Out of Control points by Rank:

E-7 E-8 E-9 04 O-5 0-6
40 28 8 7 1 2

The numbers of out of control (outside of 3-sigma limits)
are evenly distributed throughout the Army, Air Force, and
the Navy. The Marincs have less out of control points than
the other Services. This might be influenced by the
smeller populations in the Mannes causing their 3-sigma
limits to be farther apart. The great majority of out of
contro) results are in the enlisted E-7 and E-8 boards (68
out of 86).

1991 Promotion Board Results and
Discussion

Figures 1 through 7 show the results of all fiscal
year 1991 promotion boards by race and gender using
control charts. This chapter has included a complete
display for all of the 1991 data since it is the most rocent
data results, and to provide an example of the use of
control charts for presenting and evaluating Equal
Opportunity data. The most troublesome (from an Equal
Opportunity point of view) boards were the enlisted
boards. The Army E-7, E-8, B-9; the Navy E-7; and the
Air Force E-8 boards contained jon rates outside of
the 3-sigma control limits. In general, the 1991 officer
boards have more even (in contral) promotion rates, with
all rates within the 3-sigma control limits. Historically, the
results of enlisted boards have contained more statistically
significant differences between me/gender catogorics than
the officer boards,

The Nw, MEOA separates officer promotions
by Line and Staff categories. Tho figure 1 through 7
contro} charts combine the Navy Line and Staff officers
wguhet for ease of comparison with the other Services'
° data.

Black males were the most poorly promoted
E:up in 1991, as shown in figure 1. The Army E-7 and
, the Navy E-7, snd the Air Foroe E-8 boards all gave
results below the 3-sigma lower control limit. Black males
were {romoled at rates below the board average in 11 of
the 12 enlisted boards and 8 of the 11 officer boards in
1991. Historio results for Black males are also below
average, as further explained lster in this report.

Females of all races were consolidated into one
control chart (figure 2), in order to give an overall look at
females. This also raised the sample sizes for each board
(as compared to looking at females by individual races),
giving tighter coantrol limits. The Military Equal
Opportunity Asscssments also typically graph all females
together. Tue differences between the races for females
appeared to be minimal in 1991. Overall, females were

romoled at rates e:ceeding the upper 3-sigma control
imits in four boards. These boards were the Army
enlisted B-7, E-8, and E-9 boards and the USAF E-8
board. Notc that these boards had significantly low results
for Blsck males in ﬁﬁm 1. None of the individusl female
ruce groups were below their lower 3-sigma control limits
in 1991.

Figure 3 shows the results for Asian-American
and Pacific Island males. The result for the Navy E-7
board was below the lower 3-sigma Llimit. The result for
the Navy E-8 board was nearly below this limit also (it was
low at the 2-Sigma significance level).

The results for American Indian and Alaskan
Native males, Hispanic males, and "Other” males wers all
within the 3-si control limits. These results are shown
in figures 4, 5, and 6. Generslly, the "Other” malei
represent a very small portion of the military population,
and their control limits are far apart duc to tﬁe small
sample sizes. Overall, their board results appear to display

m vanation.

Results for White males are shown in figure 7.
White males were promoted at rates exceeding the upper 3-
sigma sontrol limite in the Army B-7 and the Navy E-7
boards. White males were promoted al sbove the average
board rate in eight of the nine enlisted promotion boards
held in 1991. Although the difference in promotion rates
between White males and the average promotion rate
differed by less than 0.01, these small differences arc
signi for these large enlisted populations. Also, since
malcs are the majority of the overall population and
thus their promotion results strongly influence the overall
promotion rate, thers must be major differences between
their promotion rates and the minorities in order for While
males 0 be outside 3 standard deviations from the ovensll
average. Note that because the MEOA's round promotion
rates (o the ncarest 0.01, these statistically significant
differonces in promolion rates are not detectable in the
MEOA.

Overall, the 1991 Army B-7 board had Black
males "out of control® low and females and White males
"out of control® high. The Navy E-7 board results sre
discussed in figure 8.

The 1991 officer promotion board results did not
show as strong favoritism towards White males. In fact,
the Army officer boards have been promoting White males
consistently slightly below the average promotion rates, as
discussed in figure 16.




The Navy E-7 Board

The U. S. Navy E-7 board has been the most
significantly unequal board for minority gromol.iou rateq.
Figures 8 and 9 show the results for 1991 and 1990. In
both years, all minority males were promoted at below the
board average. Black males were below the lower 3-sigma
control limit in both years. White males were above the
upper 3-sigma control limit in both yea.s.

Data for the years 1987, 1988, and 1989 are
presented in the Navy Military Equal Opportunity
Assessment, however, the 1930 Navy MEOA states that
the data for these three ycars are “inaccurate.” The
authors of this report were unable to determine which of
the data was insccurste. For this reason, control charts for
these years are not presented in this report. Analysis of the
avsilable data (which may be inaccurate) showed nine
promotion rates outside of the 3-sigma control limits over
these three ycars. Whilc malcs were above the upper 3-
sigmas control limit in four of the five years (1987-1991}.
Black males were below the lower 3-sigma control limit in
all five years. The Navy E-7 bosrd appears to be
generating three out of control results per year (out of the
12 race and gender combinstions). The MEOA-reported
promotion rcsults demonstrate a consistent over five
ycars of significantly lower promotion rates for minority
males, and cspecially 5o for Black males.

In comparison, the Navy E-8 and E-9 boards
show "in control® results for minority (including Black)
males. This pattern is apparent over the five years. This
may be an indicstion that those Black males that are
promoted to E-7 prove to be successful in the
“"downstream” E-8 and BE-9 boards. However, the B-7
board is the initial board for becoming a Chief Petty
Officer. The low rate of E-7 promotion for minority males
may be causing underrepresentation of minorities in the
Navy Chief r‘r&n

The Navy Fiscal Year 1990 Military Equal
Opportunity Assessment statcs:

Advancement opportunitic+ to B-7 for Blacks
(10%) was below the overall opportunity of 13 %
for advancement to B-7. In both [E-6's also
show similar behavior] enlisted advancement
cases, the difficulty is caused by overcrowding
of certain ratings by minoritics and women. . .
A concerted effort is being made across the
rating spectrum to encourage initisl entry and
cross-rating into undermanned ratings which
offer substantial upward mobility. Trends
indicste progress is being made in theso
endeavors.

The Navy assessment provides a graph of representation of
minorities in Department of Defeuse ocoupational arcas.
This ~raph demonstrates an overrepresentation of
minorities in health care, support/admin, service/sy, ln
and non-ocoupationsl. Minontice aro unde

clectronios repeir, “other technical,” electrical/mechanical,
and craftsmen. Thus, & higher proportion of minorities in
the Navy appoar to be in non-technical fields than the
majorily ste males). The non-technical fields have less
promotion opportunitieq than technical fields, according to
the 1990 Navy MEOA.
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Black Males

As s group, Black males are the most under-promoted
racial category. The specific boards with the most negative
results over the five years analyzed are:

Air Porce E-8, E-9, 04, and O-5
Army B-7. B8, and B9
Navy B-?

Manne Corps B-7, E-8, and B9

There were a total of 55 promotion boards held in the
above categorics from 1987 to 1991. Black malcs were
gromoted at below the board average in 52 of the 5§

lack male promotions were below the lower 3-Sigma
control limit 1n 18 of these boards.

Figures 10 through 13 show the results for Black
males in Air Porce officer, Air Force enlistcd, Army
enlisted, and Marine Corps enlisted promotion bosrds
respectively. Figures 8 and 9 show the results of the Navy
E-7 boards, which were previously discussed in this report.

Black males were promotod at below the board
average in every Alr Foroe O-4 and O-$ board since 1987,
Three of the four O-4 and one of the five O-5 boards gave
results below the lower 3-sigma control limit. The 1991
Air Force O-4 board did demonstrate improvement in
Black male promotions, although their rate was still below
average. The Air Porce O-6 board appears to be more *in
control,” but three of the four results were slightly below
average for Black males.

Black males were promoted at below the board

avenge in every Air Foroe E-8 and E-9 board since 1987.
Two of the BE-8 results were below the lower 3-sigma
oontrol limit. al

l.rnamiulgy, Black males were promoted
sbove average nates in the 1987, 1988, 1989, and 1990 Air
Force B-7 boards (1988 and l’“mabovodww‘.!—
sigma control limit). The 1991 E-7 board result was
slightly below average (probably not statistionlly
significant). These E-7 sbove aversge results may lead to
inoreased Blaock male promotions in future E-8 ang B-9
boards as these B-7's reach consideration for E-8 and B-9.
The 1990 Air Porce MBOA noted that "for B-§ and E-9
Black promotion rates were somewhat lower.”” No like
statoment was made for Black officer promotion rates.

Black males were promoted at below the boerd
average in 14 of the 15 y sulisted promotion boards
from 1987 (o 1991. 8ix of the enlisted rosults were
below the lower 3-ll'm| oontrol limit. The 1990 U.S.
:um’Mmmun,cm' o F tiable cvonc

resy ement of equi roprosentation
scross the board."" Also, * retes for all tracked
groups were equitable.”” These statements are not
lupson:..i Uy the trends and patterns evident in figure 12
for Black male anlisted proinotions.

Black malr.s were promoted at below the board
average in 13 oi the 14 Marine Corps enlisted promotion
boards reported from 1987 to 1991, One board (B-8,
1989) was below the lower 3-sigma control limit. The
1990 Marine Corps MEOA notes “for the fourth
consecutivc year, the ov‘cnll sslection rate for minorities is
below that for V/hites.”




The Marine Corps 1990 MEOA 1also noted that
romotions to O-4 for Blacks was "substantially” below the
CVhilu for four consecutive years. From 1987 to 1990 the
Black male promotion rates were within the 3-sigma
control limits, but consistently below average. The Biack
malc promotion rate to O-4 did improve in 1991 1o slighty
below the overall average (see figure 1 for the 1991
results). As previously noted, Black males were below the
romotion board average in all of the analyzed 1991
ghrinc Corps boards (E-7, E-8, B-9, 0-4, O-5, 0-6).
Black promotion rates were highlighted as an overall
"concern” in the 1990 MEOA cxecutive summary, and
several Equal Opponunit‘ Tark Force sctions were listed
as in progress W improve Black promotions.

Other Minority Promotion Trouble Areas

Figures 14 and 15 show the promotion board results
for Air Force enlisted Hispanic males and officer Black
Females (specifically O-4). Hi.lr.njc males were promoted
at below the board average in ad Air Force enlisted boards,
with two boards below the lower 3-sigma control limit.
Black Females were promoted at below the board average
in all four O-4 boards held from 1987 to 1991. Black
females were promoted at above the promotion board
average for all O-5 boards, but this may not be statistically
significant due to the small population of Black female Air
Porce O-4's available for promotion to O-5 (note the large
size of the control limits on the control chart).

U. S. Army Officer Boards, 1989 - 1991

The Fiscal Year 1990 Military Equal Opportunit
Assessment for the Army states "selection rates for all
categorics should not be leas than the pverall selection rate
for the total population considered.®” The Army officer
promotion boards have been achicving this goal, at least for
minority categories. Porty-four of 63 minorily categorics
were promoted at above tho overall promotion board rate
from 1989 to 1991. However, it is impossible for all race
and gender categories to be “not less than the overall
selection rate” if any one of the categorics is promoted at
above the overall everage. Some category must fall below
average. In the case of the Army officer boards, that
category is White males. The behavior demonstrated on
the control charts is highly suggestive of a "quota” sysiem
for minoritice being in effect.

Figure 16 shows the Army officer promotion board
results from 1989 to 1991 organized into White male, non-
White male, and female (a1l races) categorics. In all cight
boards, White males are slightly below the promotion
board average for all boards. This lower rate 18 from 0.1
percent to 1 percent below the average. Only two board
results are statistically significantata l-uigml (.1%5)
significance level. However, the fact that eight of eight
officer boards have below average promotion rates for
White males is potentially significant. This pattern should

be investigated, as it is & rup of control chart data
exceeding seven points in & row.

No Army officer race/gender category has fatlen
outside the 3-sigma control limits. Data are only availablc
since 1989 becausc the Army assessment reported results
by race only and by gender only previous to 1989. The
graphs offered in the current Army assessments also
perform the same consolidation. Since White females have
tended to bvromoted at above the board average,
combining White females and White males together
mitigates the lower promotion rate for White males. Also
the rounding of promotion rates to the ncarest 0.01 makes
the difference in White male promotions harder to detect in
the MEOA presentation.

. 1bid, p. 9-5.
g Depantment of the Air Force. Upjted Siates Air Force
1990 Miliary Equsl O h .

‘. Department of the Army. Mlitzry Equal Opportunity

Auscaament Fiscal Year 1990.

! id, p.3.

® Department of the Navy, United States Marinc Corps.
ilj i , 1990, pp.3-13
roy -17.

, Depertment of the Army. Mili

Asseagment Fiscal Year 1999, section 3A.

', Duncan, 1986, p.43S, provides this criteria in the

“Summary of out-of-contro] criteria.”




RESULTS AND
DISCUSSION - Selection
Board Procedures (E-7;

Differences in promotion rates can best be explained
within the concept of institutional racial discrimination.
Institutional racism, which as a term has entered the
language only recently (Department of the An- y-Pam 600-
43, 1977), can best be conceptualized ar nnr negative
impact upon a specific race of people resulting from
routine operations or procedures of an organization
(Gochring, 1979).

Feagin (1978) further breaks institutional discrimi-
nation into two types: direct and indirect. Direct is when
an intent to harm the minority group in question exists, and
indirect is when no intent exists. e indirect variety can
occur independently of the attitudes and motivations of
individuals who may unknowingly perpetrate it
(Department of the Army-Pam 600-43, 1977). Since ihe
armed scrvices have been at the forefront of a movement to
establish equal opportunity for racial minorities and have
taken aggressive measures toward equality of treatment for
all personnel, the indirect form of institutional
discrimination is of particular interest for this effort.

Feagin notes that indirect institutional discrimination
has two forms: side-effect and past-in-present discrimi-
nation. Sido-effect discrimination refers 1o the use of some
sclcction varisble, either correlated with performance or
not, which differentislly rejects disproportionately large
numbers of minority individuals (Goehring, 1979).
Past-in-present disorimination covers inequities that
occurred in the past and that place minority members at o
disadvantage in an eatablished circumstance.

In affirmative action programs to eliminate institu-
tional discrimination, the first step is to identify the
dimensions on which it may occur nn(r how significantly it
occurs. When disparities are found, priate measures
should be taken to target where past-in-present and side-
effect forms of discrimination are occurring in a system
and make timely modifications to the system.

Butler and Holmes (1981) divided studies focused on
egalitarian policies in the military into two categories:
(1) those concemed with examining attitudinal responscs to
military practices, and (2) those devoted to measuring
inequality in structural terms. Studies related to examining
attitudinal responses indicate that minorities perceive lesr
Equal ngonunity than Whites (Arcenecaus et al., 1974)
and that Black personnel perceive moee discrimination than
do their White counterparts (Brown and Norolie, 1975;
Brink and Harris, 1967; Borus et al., 1972; Hiett & 1.
1974; Konigsberg et al., 1976). Studics related to
measuring incquality n structur=' ‘crms show that Blacks
do not receive the same treatmer - JOD,1972), location in
rank structure (Moskos, 1970;, occ&Pltionll assignments
(Butler, 1976), and promotions (Miller and Ransford,
1978; Segal and Nor'ie, 1979; Butler, 1976a) as Whites.
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Navy Chief Petty Officer Board

The results reported in this section fall under the
category of structural issucs. We are focusing our effort
on the Navy Enlisted Selection Board for advancemcnt to
Chiefl Petty Officer (E-7). Our group under atudy is the
Black male. Specifically, we are interested in how the
Promotion Board relates to the promotion of Black males st
the E-7 level. This choice was based on the results
reported in the last section.

Thie was an initial attempt to define and analyze the
B-7 Seclection Board processes to identify thosc factors
inherent to the process that might interfere with the
advancement or promotion of a racial sub-group.

'ml:wt:aulu cf)f 2 board's decision are a function of two
interre! set of events: moat importantly the experiences
and knowledge that the enlistee acquires prior to satisfying
the promotion criterion (external) and the proceascs that
occur during the Sclection Board proceedings (internal).
Thus, factors extemal to the promotion board process, and
factors internal to the board's selection procedures, will be
investigated. This effort brings together factors that
determine if someone is selected or not selectad.

Only portions of the overall process arc targeted for
discuasion due to time limitations and the casy availability
of supporting literature. It is however hoped that what is

rted will serve as & model for the continuation of this
effort. The followit;g&nfonmlion pertaining to the B-7
selection board was ined through: (1) telephone calls
to cognizant individuals; (2) reviews of ongoing rescarch
or articles concerned with selection board issues; and, (3)
reviews of directives BUPERSINST 1430.16 and
BUPERSINT 1616.9. Appeéndix A lists the points of
contact. Appendix B lista [terature relevant to the irsues
under study that are not referenced in the body of the
feport.

The following sections provide general information on
the composition of the selection board processes in terms
of composition, dutics, aclection criterion, and ures.
In addition, the identification of potential external and
internal deterrents to an unbiased svaluation and resulling
selection are supplemented by relevant literature.

Promotion Board Composition.

Bach selection board is composcd of the following
members: (1) a captain who serves as the President; (2) A

junior officer, usually from the Bureau of Naval Personnel

(BUPERS) advancement section, who serves as the
recorder; (3) officers, usually from the Washington, DC,
area who serve a1 board members; (4) Master Chicf Pat:
Officers, who arc mostly from out of town; and, ($)
assistant recorders who are E-7s or E-8s. BUPERS 262
(Enlisted Advancement) selooct the board members froma
pool of potential bourd members nominated by their
respective command's Commanding Officer.




Although no legal requirement exists, the Bureau of
Naval Personnel atempls to ensure minority representation
on all Boards. A BUPERS reprsentative indicated during &
phone conversation that the representation of minorities and
women on the panel is taken very seriously. They are
constantly quericd by outside sourccs on this issue.
BUPERS trics, as a minimum, to make the representation
on the board reflect the representation of the number of
minoritics and women going up for promotion. However,
Lawson (1976), reports that, due to limited funds, fleet
requircments, and scarcity of senior minority officers, this
goal is not often achieved.

The exact size of the board varics with the availability
of temporary du}.xhz.mds. number of records reviewed, and
time available. avernige number is about 80 membens.
The board meets for six weeks.

The recorder, assistant recorders, OPNAV Enlisted
Advancement Planner, and the Master Chief Petty Officer
of the Navy (MCPON) may provide consultative services
10 the entire board in any matter concemning selections that
may be referred to them. The MCPON is the senior
enlisted person in the Navy and while holding this honorary
position represents all of enlisted Navy personnel.

The board members are divided into approximately 13
anels by the recorder. Each panel, comprised of
individuals in thec same general ficld, is responsible for
reviewing the records of individuals in the same rating.
The presidents are not normally assigned to any panel but
may reorganize the pancls if they think it is necessary.

Quota

OP-132F3 establishes a maximum selection quota for
each rating. Quotas are o be filled by the "best qualified”
candidates competing for advancement. Ifan insufficient
number of “best qualified” candidates are availabie, it is
within the discrection of the panel W leave part of the quota
unfilled. At any given time approximately 25,000
candidates will be considered for promotion.

Although sdvancement across the Navy is driven by
vacancics, scveral factors are taken into consideration
when cstablishing quotas. These are: current inventory;
total projected losses; and gain, growth, and funding
authorized.

Pre-convening Procedures.

The selection board is convened by the Chief of Naval
Personnel. The Secretary of the Navy, CNO, BUPERS,
and the OPNAV Enlisted Community Managers (ECM) all
make input to the boards.

Each year a procept is preparcd for board use. This

contains fol&wing information: (1) the oath o
administered 10 the board members and recorders when
they convene; (2) an outline of the conduct and expected
performance of the individuals serving on the board; (3) an
outline of the selection process; and, (4) guidance and
general information (i.e., sclection criteria, equal
oppontunity).
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During its first day the board catablishes, within the
guidelines of the precept, ite intemnal ground rules and the
minimum selection critena used for screening the records
of candidates. Application of the ground rules may vary
from rating to rating for many reasons such as sea duty or
lack of it, supervisory opportunitics, availability of
schooling opgortuniticl. As selection boards cannot
divulge how they completed their task, it is impossible to
state precisely how a board opca.es.

During the first two days, the ~arrel members acquaint
themsclves with the various materials they will be using
and practice evaluating test records to cstablish grading
standards.

Records Under Consideration.

Records for cach rating are brought to the respective
panel by the board assistant recorders. For cach candidate,
there is a folder that contains microfiche records 1E and
2B, correspondence received by the board, and an Enlisted
Summary Record (ESR).

Microfiche record 1E contains cach candidate's
professional service history including: (1) Procurement;
(2) Classification and Assignment; (3) Admiaistrative
Remarks; (4) Separation, Retirement, Casualty, and
Decath; and, (5) Miscellanecus Professional Service
History. Also, the race of an individual can be found in
this microfiche.

Microfiche record 2B contains cach candidate's
performance evaluation and training data. Also included
arc awards, medals, and citatione, and adverse
information.

The ¢l obtains the candidate’s test score, rate, and
unit identification code (UVIC) from the ESR.

Selection Procedure:

The following selection procedure is employed to
sclect the "best qualified” candidate.

1. Bach oandidate (record) is then reviewed and scored
by two pancl members. Al :ast 3 years are reviewed,
with § years as the norm. Panel members may go
farther back to establish trends and break Lies.

2. The two scores are summed. If there is & significant
diffcrence between the two pancl members’ assessments, a
third member reviews the record.

3. Next, based o the scores, the panel arranges all the
candidates from top to bottom. At that time, the panel
indicates where the cut-off mark is for promotable
candidates and recommmended selectees. A phone
interview indicated that the panel may rcevaluate
marginal cases.

4. The entire board is then bricfed by cach pancl on the
rating’s structure, its job and peculianties, the number of
candidates, and the similar characteristics of those
recommended for advancement.




5. Finally, the entire board votes on the slate, which
must be accepted by a board majority. A written
report of the board's recominendations for selectees is
signed by all members, including the president, and
submitted 10 the Chief of Naval Personnel for approval.

Germane to the overall E-7 board selection process
(Just described) are those factors considered by the
board members in the selection of “qualified
candidates.” An investigation of these factors provides
an opportunity to assess the events that an enlistoe must
have prior to being considered for promotion and that
might be considered external to the board sclection
process. The factors presented below are not the only
ones influencing selection.

1. Performance Evaluations.

The marks and narratives in evajuation reports arc
reviewed. Peer group ranking aiso indicates how the
candidate comparcs with members of the same
paygrade within the same command. Personcl
decorations, letters of commendation/community
involvement also reflect a well-rounded individual.

Navy Regulations require keeping records for enlisted
persons that reflect their fitness for the service and
performance of duties. Enlisted performance evaluation
reports are used in many personnel actions, including
advancement in grade, selection for responisible
assignments and specialized training, awarding of the Good
Conduct Medal, qualifying for retention and reenlistment,
and characterization of service upon discharge.
Performance reports are also used to improve enlistees
performance by coupling the evaluation with a counseling
scasion. During these sessions, areas in which an enlistee
must improve in order to qualify for promotion are
indicated. BUPERSINST 1616.9, "Navy Enlisted
Performance Evaluation (Eval) Manual,* sets the policies
and procedure for enlisted performance evaluation.

Form NAVPERS 1616/24 is used for reporting. See
Appendix C for an example of the form. Blocks 1-26
pertain to background information, such as name, rate,
members UIC, etc. Blocks 27-38 cover the evaluation
section of the performance evalustion report. In these
sections cnlistecs are graded on several performance
clements.

1. Professional Factors—Military knowledge/Performance
and raling knowledge/performance.

2. Pertonal Traits—Initiative, Reliability, Military Bearing,
Personal Behavior, Human Relations including EO.

3. Self Expression—-Speaking Ability, Writing Abulity.
4. Leadership—Directing and Counseling.

The sssignment of grades arc based on the following
criteria.

4.0 - Always meets or exceeds standards. Invariably
a strong performer, even when the greatest demands are
placed on this trait.
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3.8 - Mects high standards, lacking only some
clement of strength or consistency needed for a 4.0 at this
time.

3.6/3.4 - Mcets standards, but has some weaknesses
which can be a handicap when the highest demands are
placed on this trait.

3.2/3.0 - Meets minimum standards, but weaknesses
significantly limit the respensibilitics which the member
can be: assigned.

2.8/2.6 - Below minimum standards. Performance is
s continuing problem.

2.0 - Performance is unsatisfactory for current g \de
level.

1.0 - Performance is unacceptable and member shows
no capability of improvement.

Block 39 reports the member's ovenll performance
(rank), contribution to the command’s mission snd
potential for further service. This score is not an average
of the other grades. The top 50% of E-7 personncl who
are graded 4.0 must be ranked,

Block 40 is a summary of block 39 grades for all
members in the comparison group sand blocks 41-43
indicates the recommendation for promotion.

The back of the performance report (blocks 50-56)
summarizcs the following types of information: (1)
primary rer  nsibilitic. and deployments; (2) completed
achievements; and, (3) comments regarding accomplish-
ments during the reporting period, how well the member
has done these accomplishments, strengths, and potential
for responsibility and advancement.

From the first day that an enlistce tts for duty his
or her performance is being WMNRA- performance
is reported in the performance report. (Note: Officer
performance reponts are referred to as FITREPs). Since s
major criterion for an enlistee’s success in the Navy is the
performance reflected in these reports, a numoer of
researchers have reported rescarch pertaining to this issue.
These reports have attempted to investigate reporting
systems for various services on & pumbor o rehlarimm
Issucs include, but are not limited to: (1) philosophy,
imgonnnce. and uscs of rmance evaluations (Lawson,
1976; Acosta, 1968); (2) ideatification of problem areas
(Lawson, 1976; Desselle et al., 1965; Murphy, 1980;
McKenna, 1963); (3) hi of ugoﬂing systems (Desselle
ctal, 1965; Theborge, 1979); and, (4) attitudes rogarding
fitncas report systems (Theborge, 1979). Dessele a1, al.
(1965), proposes the Apflionion of the computer in
re evaluation of fitness reports.

Important criteria for any reporting mechanism are
buik-in uopeﬂlu that enable reporting officisls to evaluale
their subordinates objectively and fairly--lo successfully
divoroe opinion from fact. The failure cf s repornting
senior Lo objectively appraise the performance of any
subordinate is & grave fature to meet public trust and could
constitute an injustice not only to the member reported on
but to other members as well. Performance reports that
provide a reaiistic and objective evalustion of s
subordinate's past performance and future potential will
cnsure that the mem of the board have the correct input
needed.




Hamner et al. (1974) examined how the gender and
tace of the rater and the gender and race of the ratee
influcnce assessments of ratee performance. They found
that gender-race stereotypes do influence bchevior on a

work-sampling task even when objective measures are
defined.

Lawson (1976) belicves that the ability to evaluate
others skillfully is a critical skill and is not currently a
criterion for judging performance. He proposes relevant
tools and techriques that would enable reporting seniors to
preparc FITREPs that are more objective and fairer to the
person being evaluated.

In a task very similar to this present effort, Acosta
(1965), an1lyzed the methodology of the promotion system
with special emphasis on the FITREPs. The historical
development of the reports, with particular attention to the
rating scales employed, and the problems involved in the
preparation of the reports, was also explored. Of special
intcrest is her attempt to identify problems involved in the
biases of the cvaluator.

Casue! interviews with Navy personnel indicate an
inflation in performance marks in Blocks 27-38. These
tndicativns are backed by a study (Herold et al, 1984) that
surveyed a sample of Pacific Fleet officers to identify
methods for improving the Navy officer performance
cvaluation system. One major weakness that they
identified was the inflation in performance ratings. They
claim that this weakness diminishes the usefulness of
evaluation as input to decisions conceming promotion and
assignment. Olsen (1979) also refers to the inflation
probiem. It would be of interest to investigate to what
extent the objective ratings for Black males deviate from
the inflated norm. Do their scores fall into this inflated
norm? Keep in mind that Hamner et al. research indicated
that even when objective measures are defined, bias occurs
on the pant of the rater.

The presence of inflation in marks resulls in reliance
during board proceedings on the more subiective narrative
section of performance ratings. Therelore, while race is
not, per sc, a factor in sclection, information on minority
candidate behavior, appearance, and personality in the
narrative may be presented differently by the rater or
interpreted differently by the board with consequent effects
on selection. Officers in the Herold et al. (1984) study,
felt that the narrative portion of FITREPS is too subjective
and is influenced by the writer's litcrary ability.

Nicva et al. (1981) examined performance evaluation
narratives of Navy women and men in relation to an
examination for bias in promotion. In their study,
narrative sections of performance ratings for men and
women eligible for promotion to chicf peity officer were
analyzed to determine whether statements in the narrative
section or the manner in which the statements were
interpreted by the sclection board were subject to gender
bias. Results indicated that the type of statements made in
a report determined whether or not a person was selected
for promotion.

A related study (Thomas et al., 1983) investigated the
possibility that gender bias was written into the narrative
section of officer fitness reports. The narrative portion of
the FITREPS for a sample of women and men who were
being considered for promotion o ticutenant commander in
April 1981 were content analyzed. The results showed that
FITREP narratives for males were significantly Jonger an.f
contained more references Lo leadership qualities than diy
those for females. Also, the actual descriptors used in the
narratives were different. Those for men seemed to cluster
around the competency characteristics described by
Broverman ct al. (1972); and those for women, the
warmth-expressive characlenstics.

A follow-on study (Spishock and Scheifers, 1983)
investigated whether or ~ot a priori knowledge of an
individual's gender influences an evaluator's decision in
choosing an officer for promotion based on the FITREP
narrative. In this rescarch two forms (masculine and
feminine) of male and female archetype FITREP narratives
were developed by inserting masculine and feminine
pronouns as appropriate. The descriptors in the narratives
remained the same. Half of a group of officers were given
the male-archetype narrative with masculine pronouns and
the female-archetype narrative with feminine pronouns; and
the other half, the male-archetype narrative with feminine
pronouns and the female-archetype narrative with
masculine pronouns. The officers were asked to evaluate
the narratives and sclect one of the two officers described
for promotion. The results indicated that the evaluators
overwhelmingly selected the officer described by the male
archetype narrative regardless of whether the pronouns
uscd wcre masculine or feminine. "Competence”
descriptors are positive factors in the selection of the
officer for promotion for both male and female officers.

2. Professional Performance at Sea.

Significant emphasis is placed on professional
performance at sca. The assignment of sea duly is an
outcome of the detailer’s decision to recommend to the
placement officer that a particular billet should be filled by
a particular peraon. The individual's preference is also
taken into consideration in this decision. A Navy Tunes
articic (25 July, 1988) referred to an address delivercd by
Vice Admiral Lcon A. Edney at the National Naval
Officers Association convention. Edney ccmmented that
the Navy has done extremely well in providing increased
opportunitics for minorities in the officer and enlisted
ranks, but can do much better. He went on to say that
minonty officers arc detailed differently: They spend more
time in recruiting and equal opportunity billets than do
majority officers. The overall processes regarding
detailing need to be defined and um[yzcd.

3. Assignment in a Technical Job Rate.

An additional indicator of indircct institutioneal
discrimination is the assignment of Black enlisted personnel
to military occupational specialitics when they enter the
service. In an ideal and (air environment, opportunities for
assignment to occupations are no different for Black
personnel than for anyonc else.




Techrical military occupational specialities are defined
as those that require extensive specialized training.
Nontechnical military occupations are defined as those that
do not require extensive specialized training.
Nontechnical ratings are thought to have slower
advancement rates and slower advancement results in a loss
of earnings (Chicf of Naval Ope-utions report, 1988).

That Black males are underrcpresented in technical
spceialities is supported by the Semi-Annval Occupational
Profile repont (Research Division, 1991). The Chief of
Naval Operations report (1988) also made reference to this
situation. However, statistical analyses need to be
conducted within each occupational area to see if the
differences between the representation of Black and White
males is significant. The 1990 Navy Military Equal
Opportunily Asscssment report states that the specialities in
which Blacks are concentrated seem to have lower
promotion rates. But they do not present dsta showing if
the specialties are technical or nontechnical.

A view often presented is that Blacks are not assigned
1o technical occupations becauss they do not do well on the
Armed Forces Qualification Test (AFQT). This fact has
been attributed to educationsi deprivations. In many cases,
this rcasoning cannot be denicd. However, when Butler
(1976), assessed Black cnlistment par(icigalion in the Army
through a presentation of trend data showing the distn-
bution of Blacks by military occupational specialities,
Blacks were still underrepresented in technical occupations
cven when mental group level was controlled.

In linc with the fact that advancement quolas across
the Navy ave vacancy driven, an investigation should be
conducted to verify which rates are commoaly under-
manned and highlight those that are underrepresented by
minorities. The Selected Reenlistment Bonus data files
should provide input regarding the undermanned rates.

4. Improving Educational Level.

The panel gives consideration to improving
cducational level. This includes both academic and
occupational training, whether such education is gained as
a result of the individual's initiative during off-duty hours
or as a Eanicipmt in a Navy-sponsored program. Data
need o be collected 10 determine if Blacks are participating
in various educational opportunities. If they are not, then
possible reasons for their nonparticipation should be
identified. Possible reasons for nonparticipation might
include: (1) lack of mentors to point out the sdvantages of
participaling in such programs; (2) members of a peer
group also not participating in such programs; (3) lack of
rolc modcl such as a supervisor who does take advantage
of various ecducational prograrms; and, (4) a duty
assignment which leaves no ime to participate in such
programs.

Other areas of consideration.

Below are additional areas of consideration that will
not be discussed at this time due to time limitations.

5. Board Competition Within Rate. Candidates presented
to the board should compete within their rates.

6. Weight and PRT Standards. Failure to meet Navy's
weight/PRT standards may render candidates incligible.

7. Test Scores. Specialty test results are also taken into
account since they give an individual's relative standing
compared to other candidaics.

This was an initial attempt to define the E-7 Selection
Board processes and to highlight various factors, external
and internsl to the procesy that might act as deterrents to
the promotion of Black males. It is hoped that this cffort
will be continued so that eventually strategies o overcome
barriers to promotion will be developed and applied.

CONCLUSION

Equal Opportunity for promotion is not demonstrated
by the promotion board results. There are statistically
significant differences in the promotion rates by race and
gender. The enlisted E-7 and %-8 promotion boards for all
the Services show severe differences among minority
males.

The Navy B-7 promoion board has produced the most
racislly biased results of all of the promotion boards
examined.

As a group, Black males have significantly lower
romotion rates than any other group, across all of the
ervices. This is apparcat in many cnlisted promotion

boards, and the Air Force officer boards.

The individual Service Military Equal Opportunity
Asscssments are not effective at detecting, quanufying, and
displaying differences in promotica rates. They are not
effective at presenting whether or not diffecrences are
significant differences which deserve action. Promotion
rates are rounded to the nearest 0.01 which can hide
significant differences between large population size
groups. A mass quantity of raw data 1s provided without
sn effective graphical presentation or any interpretation.
When graphs are provided, raw differences in promotion
rates are shown, without regard to population size or the
statistical significance of the differences.

The use of statistical tests of significance is vitally
important. Control charts provide a relatively casy method
of detecting statistically significant differences in
promotion rates which sre unlikely to be due to random
variation. Control charts can also be used to visually
display promotion rate data upon which 10 base affirmative
actions.

The development of s model to help in the
identification of reasons for promotion disparitics is
feasible and would be a valusble tool to target arcas for
rescarch and development.




RECOMMENDATIONS

1. Black male promotions and the Nav‘y E-7
promotion process should be priority candidates for further
study. Specific affirmative sctions may be required for
these groups.

2. The use of quotas to artificially cnsure that all
minorily promotion rates are equal to or greater than the
board average will ensure that the majority is always
promoted at below average rates. This method may be in
cffect in the Army officer promotion boards. A better
method to achieve equal promotion opportunity is to apply
Total Quality and strive to improve cach person’s
opportunity for promotion. In time, the promotion
qualifications for all persons (rcgardless of race and
gender) may be improved to an equitable and higher level.

3. Implement the usc of control charts to present and
analyzec Equal Opportunity data. This effort may be started
as part of the larger effort of implementation of Total
Quality in the Services. Preferably, the Military Equal
Opportunity Assessments should utilize control charts in
presenting Equal Opportunity data.

4. Department of Defense Instruction 1350.3 should
be reviewed for the method it preacribes for presentation of
promotion data. It is recommended that promotion rates be
calculated to four significant digits, rather than to the
ncarest 0.01. Consideration of the use of control charts
and statistical tests of significance should be made. The
control charts could be generated by the individual Services
or by a Department of Defense researcher,

5. Continue analysis of Equal Opportunity data with
statistical tools. Promotion hoard results may be further
analyzed for trends using logistic regression models in
order to build a promotion model. Analysis of the model
may result in identifying the underlying causes of
differences in racial promotion rates. The cause of
differences between the races in promotion achicvement
may be duc to underlying differences between the races,
rather than direct racism. Identification of underlying
causes (such as background, education, duty assignments)
will be necessary in order to build effective affirmative
aclion programs.

6. Continue the cffort to analyzc the E-7 promotion
board processcs in order to identify barriers to promotion
for minority males and develop sirategies to overcome
these barriers.

7. Investigate a comparison of time to promotion for
Black and White enlisted personnel in all Services. Butler
(1976) investigated time to promotion fur Black and White
enlisted persons in the Army. Even when the two groups
were matched on a ¢ivilian education and AFQT score
basis, Blacks consistently took more time than Whites to be
advanced in grade. Miller and Ransford (1978) reanalyzed
Butler's dats for additional differences between the two
groups. They demonstrated that incquities for Black

romotions were greatest for those that should have been
gighly competitive for promotion. There was also lower

romotion of those Blacks into those ranks that would
involve supervision of Whites.




REFERENCES

Acosta, D. Y., An Analysis of the Navy Officer Fitness Report and Its Relationship to the Promotional System. Unpublished
Master's Thesis, Naval Postgraduate School, Monterey CA.

Arcencaux, E. E., Emerson, E. L., Konigsberg, J. L., Meinden, J. L., & Troup, J. A., Navy Race Relations Education
hnpact Analysis (Wl. 1). (Report ¥TM(L)-5285/000/00) Systems Development Corp., Santa Monica, CA: 1974.
Cited by Rosenfeld, P, Thomas, M., Edwards, J.E., Thomas, P. J., Thomas, E. D., Navy Research into Race,
Ethnicity, and Gender lssues. International Journal of Intercultural Relations. 1991, V15, 407426.

Borus, M. C. F. I, Stanton, M., Fiman, B., & Dowd, A. F,, Racial Perceptions in the Army. American Journal of
Psychiatry. 1972, V2, 1369-1374. Cited by Butler, ). S., & Holmes, M. D., Perceived Discrimination and the
Military Experience. Journal of Political and Mili.ary Sociology. 1981, V9 (Spring). 17-30.

Box, G. E. P, Hunter, W. G.. & Hunter, J. S. Statistics for Experimenters. John ‘Niley & Sons, New York: 1978.

Brink, W. J., & Harris, L., Black and White: A Study of U.S. Racial Antitudes Today. Simon and Schuster, New York: 1967.
Cited by Butler. J. S., & Holmes, M. D., Perceived Discrimination and the Military Experience. Journal of
Political and Military Sociology. 1981, V9 (Spring), 17-30.

Brown, D. K., & Nordlie, P. G., Changes in Black and White Perceptions of the Army's Race Relations/Equal Opportunity
Program. 1972-1974. Human Sciences Research, McLean, VA- 1975. Cited by Butler, J. S., & Holmes, M. D.,
Perceived Discrimination and the Military Experience. Journal of Polirical and Military Sociology. 1981, V9
(Spring). 17-30.

Rroverman, |., Vogel, S., Broverman, D., Clarkson, ¥, & Rosenkrantz, P. Sex-role Stercolypes: A Current Appraisal.
Journal of Social Issues. 1972, V28(2), 5§9-78. Cited by Spishock, P M., & Schci&cr:. P. M., The Effects of
Perfornance Evaluation Narratives on the Promotion of Male and Female Unrestricted Line (URL) ers.

(NRDC Tech. Note 83-6). Navy Personnel Research and Development Center, San Diego CA: 1983,

Butler, J. S., Assesaing Black Enlisted Participation in the Army. Social Problems. 1976, V23, 558-566. Cited by Butler, J.
S., & Holmes, M. D., Perceived Discrimination and the Miliary Experience. Journal of Political and Military
Sociology. 1981, V9 (Spring), 17-30.

Butler, 1. S., Inequality in the Military: The Black Experience. Century Twenty One Publishing, Sarsioga CA: 1980.

Butler, J. §.. & Holmes, M. D., Perceived Discriminition and the Military Experience. Journal of Polisical and Milisary
Sociology. 1981, V9 (Spring), 17-30.

Butler, J. S., Inequality in the Military: An Examination of Promotion Time for Black and White Enlisted Men, American
Socinlogical Review. 1976, V4l (October) 807-818.

Chicf of Naval Operations, CNO Study Group's Report on Equal Opportunity in the Navy. United States Navy: 1988,

Department of Defense, Department of Defense Instruction 1350.3. Subject: Affirmative Action Planning and Assessment
Process, dtd 29 Feb 1988.

Depantment of Defense, Repori on the Administration of Military Justice. U.S. Government Printing Office, Washinglon DC:
1972. Cited by Butler, J. S., & Holmes, M. D., Perceived Discrimination and the Military Experience. Journal of
Political and Military Sociology. 1981, V9 (Spnng), 17-30.

Department of the Air Force, United States Air Force 1990 Military Equal Opporiunity Assessmemi. Air Force Military
Personnel Center: 1990.

Depantment of the Air Force, Un’ . { States Air Forre 1991 Military Equal Opporiunity Assessmem. (drzf) Air Force Military
Personnel Center.

Depantment of the Army, Measuring Changes in Institutional Racial Discrimination in the Army. Pamphlet 600-43,
Headquarters Department of the Army, Washingtlon D.C.: 1977.

18




Depanment of the Army, Military Equal Opporiunity Assessment Fiscal Year 1990. Office of the Deputy Chief of Staff fur
Personnel, DAPE-HR-L, The Pentagon, Washington D.C - 1990.

Department of the Army, Military Equal Qpportunity Assessment Fiscal Year 1991, (draf) Office of the Deputy Chief of Stafi
for Personnel, DAPE-HR-L, Thc Pentagon, Washington DC.

Deparunent of the Navy, BUPERS Instruction 1430.16D. Subject: Advancement Manual. Bureau of Naval Personncl.
Washington DC: 1991.

Depaniment of the Navy, BUPERS Instruction 1616.9. Subject: Navy Enlisted Performance Bvaluation (EVAL) Manual.
Bureau of Naval Personnel, Washington DC: 1991.

Department of the Navy, Unaed Siates Navy and United Siates Naval Reserve Fiscal Year 1990 Military Equal Opportunity
Asses,ment. Chicf of Naval Operations ltr 5354 Ser 151/1U581004 dud 29 APR 1991.

Department of the Navy, Unired States Navy and United States Naval Reserve Fiscal Year 1991 Military Equal Opportunity
Assessmens. (draft) Chicf of Naval Noerations.

Department of the Navy, United States Marine Corps, Military Equal Opportunity Assessment. Washington, DC: 1990.
Department of the Navy, United States Marine Corps, Military Equal Opporiunity Assessment. (draft for 1991).

Desselle, A. M., & West, M. W., A Study of Marine Corps Personnel Appraisal. Unpublished Master's Thesis, Naval
Postgreduate School, Montercy CA.

Duncan, A. )., Quality Control and Industrial Statistics. Richard D. Irwin, Inc., Homewood IL: 1986.

Feagin, J. R., Discrimination American style: Institutional racism and sexism. Englewood Cliffs, NJ, Prentice-Hall, Inc.:
1978. Cited by D. J. Goehring, Reliability of a Measure of Institutional Discrimination Against Minorities. U.S.
Army Research Institute for Behavioral and Social Sciences, Monterey CA: 1979.

Goehring, D. J. Reliabiliry of a Measure of Institutional Discrimination Against Minorities. U.S. Army Research Institute for
Behavioral and Social Sciences, Monterey CA: 1979.

Hamner, W. C., Kim, J. S_, Baird, L, & Bigoness, W. J., Race and Sex as Determinants oi Ratings by Potential Employers
in a Simulated Work-sampling Task. Journal of Applied Psychology. 1974, V59, N6, 705-711.

Hearold, S. L., Larson, G. E., Rimland, B., Lahey, R. A., Officer Performance Evaluation Systems: Officer Survey.
(NPRDC TR 85-7), Navy Personnel Research and Development Center, San Dicgo CA: 1984.

Hiett, R. L., McBride, R., & Fiman, B., Measuring the Impact of Race Relaiions Programs in the Military. Human Science
Rescarch, McLean, VA: 1974, Cited by Butler, J. S., & Holmes, M. D., Perceived Discrimination and the
Military Experience. Journal of Political and Military Sociology. 1981, V9 (Spring), 17-30.

Largo, )., Navy Forms Study Group to Check Equal Opportunity, Mavy Times. 25 Jul 1988.

Lawson, T. N., The U. . Navy's Fitness Report Sysiem: Review, Analysis, and Recommendations. Unpublished Master's
Thesis, Naval Postgraduate School, Monterey CA.

McKcnna, R. B., Aliernative Approaches 1o the U.S. Navy Officer Evaluation System. Unpublished Master's Thesis, Naval
Postgreduate School, Monterey CA.

Miller, ., & Ransford, H. E., Inequality in the Military: Implications for Organizations, Occupational Mobility and Social
Stratification. Journal of Political and Milaary Sociolugy. 1978, V6, 63-74.

Moskos, C. C. Ir., The American Enlisicd Man. Russel Sage Foundation, New York: 1970.

Nieva, V. F., Malamad, §. M., Eisner, E. J., Performance Evaluation Narratives of Navy Women and Men: An Examination
Jor Bias in Promotion. Navy Personnel Research and Development Center, San Dicgo, CA: 1981.




Olsen, R. C. Jr., & Oakman. J. C., Officer Performance Appraisal in the Coast Guard: An Analysis of the Fitness Reporting
Svstem. Unpublished Master's Thesis, Naval Postgraduate Schoel, Monterey CA.

Rescarch Division, Semi-Annual Occupational Profile of Minorities and Women in the Department of Defense. Defense Equal
Opportunity Management Institute, Patrick AFB, FL: Sep 1991.

Scgal, D. R., & Nordlic, P. G., Racial Inequality in Promotions. Journal of Political and Military Sociology. 1919, V7, 135-
142. Cited by Butler, ). S., & Holmes, M. D., Perceived Discrimination and the Military Expenence. Journai of
Political and Military Sociology. 1981, V9 /Spring), 17-30.

Spishock, P. M., & Scheifers, P. M., The Effects or Performance Evaluation Narratives on the Promotion of Male and Female
Unrestricted Line (URL) Officers. (NRDC Tech. Note 83-6). Navy Personnel Research and Development Center,
San Diego CA: 1983.

Theberg., A. E. Ir., A siudy Directed ar Recommendations for the Improvement of the NOAA Corps Fimess Report System.
Unpublished Master's Thesis, Naval Postersduate School, Monterey CA.

Thomas, P. J., Holmes, B. L., & Carr~ll, L. L., Gender differences in the evaluation of narratives in officer performance
ratings. NRPDC Tech. Rep. 83-14. Navy Personnel Research and Development Ceater, San Diego: 1983.




BLACK MALE PROMOTIONS

1991
1

0.8 - T |
2
2 | | |
o 0.6 €4 TL T [
5 ' |
he, + |
° ] |
€ 04 i _L + T4+
2
Q. !

0.2 “' =+ +

e o T 1
* S

E-7 E8 E9 04 05038 E-7 E8 E9 04 05 06 €7 €8 E9 04 05 06 €7 E8 E9 04 0506

ARMY NAVY USAF USMC

Upper 3-Sigma Umit
Promotion Rate
Overall Promotion Rate

. Lower 3-Sigma Limit
** NOTE: No O-4 Board heid in 1991 - *Out-ot-Control
Promotion Rate

Figure 1.

1991 Black Male Promotions
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ASIAN AMERICAN/PACIFIC ISLAND MALES PROMOTIONS
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1991 Asian American / Pacific Island Males Promotions
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U.S. AIR FORCE OFFICER BLACK MALES
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APPENDIX D

Representation Index Significance Levels

The Difference Indicator (later referred to as the Representation Index or R.1.) was
proposed in Goehring, 1979. Goehring noted that the Discrimination Index is an
"approximation derived from the standard test [Chi-$S.~uare] between two independent
proportions." Goehring performed a Monte Carlo analysis of the R.1. in order to assess its
statistical significance level. The analysis examined more than 20,000 selected 2 x 2 tables
and calculated Chi-Square test values for each. The statistical significance of the R.I. does
vary greatly versus population size. The figure below is reproduced from this publication.
The cross-hatched ("RELIABLE") area appears to be the area where the R.I. resultis
significant at a 5 percent level. This publication states:

In the derivation of the function presented in [the] figure, it was necessary to
invoke several assumptions of which users should be cognizant. The number of
minority individuals in the total eligible population has been assumed to be less
than half of the total. Further, the selection ratio has been assumed not to
exceed .25. If in a specific case either of these circumstances does not hold, it
is recommended that the chi-square test be conducted rather than depending
upon the values in the figure.

Note that this figure is not very useful for promotion board results as most selection
(promotion) rates exceed 25 percent. Also, the expected number of minority members
promoted often exceeds 100. The figure does not present data for number of members less
than 6, and Goehring recommends the use of "Fisher's exact test” in such cases.
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APPENDIX E

1987 - 1991 PROMOTION BOARD RESULTS
(Promotion Rates outside 3-Sigma Limits Only)

Promotion Rates Less than Lower 3-Sigma Limits

Board Promotion Number Numbcr
Line/ Average Rate for Lower 2X2 Sclected Considered
Staff Fiscal Promotion  this 3-Sigma Chi-Square for for
Scrvice Rank (USN) Year Rate Group Limit R.I Result Promotion  Promotion
Females (all races considered together)
US NAVY B.7 1989 0.14130 0.11189 0.12220 -20.81 21.34 338 2994
UsMC E-7 1988 0.38823 0.24031 0.25581 -38.10 11.88 K} | 129
Black Females
US NAVY E-7 1987 0.15440 0.04959 0.06612 -67.88 10.21 6 121
US NAVY B-7 1990 0.13384 0.07987 0.09265 -40.3 15.92 50 626
USAF 04 1988 0.83012 0.63636 0.67532 -23.34 20.69 49 77
USAF 04 1990 0.83901 0.60417 0.70833 -27.99 39.43 58 96
Hispanic Females
usMmc E-7 1988 0.383823 0.03704 0.11111  -90.46 14.17 1 27
White Females
US NAVY BE-7 1989 0.14130 0.11569 0.i2108 -18.13 14.51 309 267)

Asiap-American/Pacific Island Males

US NAVY E-7 1991 0.12352 010197 0.10645 -17.44 14.49 341 334




Board Promotion Number Number

Line/ Average Rate for Lower 2X2 Selected Considered

Staff Fiscal Promotion this 3-Sigma Chi-Square for for
Service Rank (USN) Year Rate Group Limit R.I. Result Promotion  Promotion
Black Males
US ARMY EB-7 1987 0.21980 0.19844 0.20822 972 62.86 2288 11518
U ARMY B-7 1991 0.10482 0.08339 0.097s3 -20.45 141.60 1328 15890
US ARMY E-8 1987 0.10819 0.09465 0.09521 -12.51 12.35 488 5156
US ARMY E-8 1988 0.126%6 0.10914 0.1!1373 -14.04 20.46 622 5699
US ARMY EBE-8 1991 0.10732 0.09554 0.09612 -10.98 19.70 657 6877
US ARMY E-9 1988 0.19260 0.14373 0.15998 -25.38 32.94 189 1318
US NAVY E-7 1987 0.15440 0.12339 0.12692 -20.08 11.87 192 1556
USNaVY E-7 1988 0.12829 0.08383 0.10252 -34.66 26.87 127 1515
US NAVY E-7 1939 0.14130 0.11549 0.11631 -18.26 9.92 202 1749
US NAVY E-7 1990 0.13384 0.10719  0.12007 -19.91 37.75 590 5504
US NAVY B-7 1991 0.12352 0.10367 0.11057 -16.07 22.14 602 5807
USAF E-8 1989 0.08763 0.07042 0.07483 -19.64 p g Kl ] 4388
USAF E-8 1991 0.07229 0.05772 0.06019 -20.15 19.70 238 4123
USAF 04 1987 0.82035 0.61809 0.73871 -24.66 554 123 199
USAF 04 1988 0.83012 0.69136 0.7578% -16.72 3491 168 243
USAF (s ) 1990 9.83901 0.73139 0.77628 -12.83 271.32 226 309
USAF 0-5 1989 0.63567 0.47273 0.48182 -25.63 13.82 52 110
USMC E-8 1989 0.22562 0.17197 0.18476 -23.78 19.82 162 542
llispanic Males
USAF E-7 1989 6.20213 0.17127 0.17290 -15.69 10.04 271 1594
USAF E-8 1990 0.08693 0.05550 0.05946 -36.16 16.01 56 1009
Other Males
US NAVY E-7 1987 0.15440 0.12994¢ 0.13820 -15.84 22.83 582 479
USMC B-7 1987 0.31907 0.08523 021023 -73.29 45.80 15 176
USMC E-8 1987 0.29393 0.03846 0.17949 -86.91 51.15 6 156
LSMC EA 1987 0.33065 0.03128 0.20312 -90.5S 61.15 4 128
White Males
US ARMY E-8 1989 0.21415 0.20118 0.20196 -6.06 34.82 2053 10205




Promotion Rates Greater than Upper 3-Sigma Limits

! Board Promotion Number  Number

i Line/ Average Rate for Lower 2X2 Selected Considered

! Staff Fiscal Promciion  this 3-Sigma Chi-Squarc for for

: Service Rank (USN) Year Rate Group Limit R.I. Result Promotion  Promotion

; Femalcs (all races coasidered together)
US ARMY E-7 1987 0.21980 0.29988 0.25073 36.43 60.35 484 1614
US ARMY E-7 1989 0.12584 0.14921 0.14508 18.57 13.28 39 2674
US ARMY E-7 1990 0.19147 0.24373 0.21278 27.29 54.13 748 3069
US ARMY B-? 1991 0.10482 0.13486 0.11975 28.66 36.44 511 3789
US ARMY E-8 1989 0.21415 0.27318 0.26422 27.57 12.51 165 604
US ARMY E-8 1990 0.13666 0.20862 0.17803 52.66 31.56 150 n9
US ARMY E-8 1991 0.10732 0.14769 0.13307 37.62 22.12 192 1300
US ARMY E-9 1991 0.14011 0.33333 0.24324 137.90 34.40 ky) 11!
USAF B-7 1987 0.22145 0.25500 0.25041 15.15 14.70 an 1851
USAF B-7 1987 0.22145 0.25500 0.24193  15.15 24.85 944 3702
USAF E-8 1987 0.09105 0.19012  0.13827 108.82 51.66 m 405
USAF E-8 1987 0.09105 0.19012 0.12346 108.82 97.00 154 810
USAF E-8 1989 0.08763 0.12632 0.11579 44.1% 19.56 132 1045
USAF BE-8 1990 0.08693 0.12652 0.11020 45.53 26.06 167 1320
USAF BE-8 1991 0.07229 0.0968¢ 0.09236 33.90 13.41 148 1498
UusMmcC B-7 1989 0.52160 0.65432 0.64198 25.44 11.59 106 162
Black Females
US ARMY E-7 1990 0.19147 0.23904 0.22001 24.84 25.94 409 1711
US ARMY E-8 1990 0.13666 0.20741 0.20370 51.77 11.98 56 270
US ARMY E-9 1991 0.14011 0.40000 0.36000 185.48 14.33 10 25
Hispanic Females
US ARMY BE-7 1991 0.10482 0.19847 0.19084 89.34 14.43 26 131




Service Rank

White Females

US ARMY E-7
US ARMY E-7
US ARMY B-7
US ARMY E-8
US ARMY E-8
US ARMY E-8
US ARMY E-9
US NAVY 0-6
USAF E-8
USAF E-8
USAF E-8
USAF E-8
USAF B-9

Line/
Staff
(USN)

STAFF

Fiscal
Year

1989
1990
1991
1989
1990
1991
1991
1989
1987
1989
1990
1991
1991

Asian American / Pacific Islands Males

US ARMY BE-7
US ARMY B-7
US NAVY B-7
US NAVY BE-8
US NAVY E<9

1987
1990
1989
1989
1989

American Indian/Alaskan Native Males

US NAVY E-8
Black Males
US NAVY 0-6

USAF E-7
USAF B-7

STAFF

1987

1550
1988
1990

Avenage
Promotion

0.12584
0.19147
0.10482
0.21415
0.13666
0.10732
0.14011
0.48672
0.09105
0.08763
0.08693
0.07229
0.13769

0.21980
0.19147
0.14130
0.14826
0.26323

0.14029

0.47046
0.19022
0.19529

Promotion
Rate for
this
Group

0.15901
0.24515
0.14830
0.29129
0.21282
0.15259
0.33333
1.00000
0.20656
0.13944
0.14132
0.10372
0.26263

0.27467
0.23698
0.16263
0.17893
0.35802

0.23037

1.00000
0.20663
0.22163

Lower
3-Sigma
Limit

0.15601
0.22653
0.13070
0.2852¢
0.19231
0.14667
0.26923
0.83333
0.14426
0.12085
0.11650
0.09883
0.25253

0.27019
0.23407
0.15843
0.17148
0.33951

0.21990

0.88889
0.20574
0.21124

R.L

26.35
28.03
41.47
36.02
55.73
42.19
137.90
105.46
126.87
59.12
62.56
431.47
90.74

24.96
2.7
15.10
20.69
36.01

64.21

112.56
8.61
13.51

Number
2X2 Sclecled
Chi-Square for
Result Promotion

11.03 17
22.57 278
26.15 187
11.81 97
19.42 83
14.64 103
24.23 26
12.68 12
53.23 63
25.28 105
34.54 131
15.06 106
13.02 26
12.15 167
12.57 132
19.09 608
17.57 m
16.09 116
13.06 4“4
10.15 9
12.30 1190
30.02 1233

Numbee
Considered
for
Promotion

1088
1134
1261
3N
390
678
78
12
3os
753
927
1022

608
768
ino
2107
324

191

57159
5562




Board Promotion Number Number

Line/ Avcrage Ralc for  Lower X2 Sclected Considerad
Staff Fiscal Promotion  this 3-Sigma Chi-Square  for lor
Service Rank (USN) Year Rate Group Limit R.1 Result Promotion  Promotion
Other Males
US NaVY 04 STAFF 1987 0.77043 0.88038 0.85770 14.27 16.07 184 209
USMC E-7 1988 0.38823 0.73171 0.60976  88.47 2213 30 41
USMC E-8 1989 0.22562 0.54545 0.45455 141.76 19.47 18 33
White Males
US ARMY E-7 1991 0.10482 0.11476 0.11106 9.49 26.75 2492 21714
US NAVY E-7 1987 0.15440 0.16066 0.16046 4.06 34.63 5145 32024
US NAVY E-7 1988 0.12829 0.13405 0.13389 4.49 49.29 4313 32174
US NAVY B-7 1990 0.13384 0.14038  0.13941 4.89 35.70 4720 33623
US NAVY E-7 1991 0.12352 0.13136 0.12886 6.34 68.16 4492 34197
USAF 0-4 1987 0.82035 0.84770 0.84528 3.33 55.69 1809 2134
USMC E-9 1987 0.33065 0.39964 0.39093  20.87 30.19 219 548

If the 2 x 2 Chi Square test value exceeds 10.8, then the promotion rates arc significantly different at a 0.001 level. (Chi
Square 1 degrec of freedom)

The Navy 1990 Military Equal Opportunity Asscssment states that the promotion data for 1987, 1988, and 1989 are
“inaccurate.”

The Representation Index (R. 1.) values are prescnted for gencral information and consideration. The statistical significance of
the R. I. varics extremely with sample size (number considered for promotion).

Dependencies within the data:

By consolidating females of all raccs into onc calegory and uiso listing the individual races scparately, the out of control
points relating to females may be double counted. That is, White Femaics may he outside the 3-sigma limits, and Femalces
(overall) for the board might also be outside of 3-sigma for the same board. Females were not double counted when
computing the overall promotion average for the boards.

Another dependency withing the data 1clates to the majority - minority relationship. If one race/sex combination is
oulzide the 3-sigma limits, it may causs other minorities or the majority to be outside the 3-sigma limit in the opposite
direction. For example, if Black males were promoted at & very low rate, they will be outside the lower 3-sigms limit. Their
results will lower the overall promotion rate, and as a related issuc, White males may be scen as outside the upper 3-sigma
limit.

Taking the above two dependencies into account, there are spproximately 1049 independent data points in the daiabase.
There appear to be approximately 66 independent "out of control® data points.




APPENDIX F

* dBase III+ Program to find the upper 3 sigma and lower 3 sigma control limits given che
number of minority considered for promotion and the overall promotion rate for the entire
population

* by LT Steven S Prevette, 13 May 92, at Defense Equal Opportunity Management Institute,
Patrick Air Force Base, FL

* dBase III PLUS is a registered trademark of Ashton-Tate

CLEAR
SET DECIMAL TO §

* Declare Variables

ngroup = 0
nrate =0
conf = .00127 && The confidence level at 3-Sigma is .00127

* Get data from user

CLEAR
? “"Program to calculate the Upper and Lower 3-Sigma Control Limits"
Z "for a group within an overall population.”

2
INPUT "Enter the population size of the group : " to ngroup
INPUT "Enter the overall promotion rate: : " to nrate

?
* COMPUTE CONTROL LIMITS

IF ngroup * nrate < 100

* Compute limits for small groups using Binomial Distribution
plow = 0
Bns = 0 && Bns is the No. of Successes for the Binomial table

pn = (1-nrate) ** ngroup && This is the probability that no one is
* promoted
pLow = pn

DO WHILE pLow < conf




* The following is a recursive routine to build a Binomial table. It continues until the
cumulative probability exceeds the lower confidence level.

Bns = Bns + 1
pn = pn * (ngroup - Bns + 1) * nrate / (Bns * (1 - nrate) )
pLow = pLow + pn

ENDDO

LCL = Bns / ngroup

pUpper = pLow
DO WHILE pUpper < 1 - conf

* The binomial table continues to be built until the cumulative
probability exceed the upper confidence level

Bns = Bns + |
pn = pn * (ngroup - Bns + 1) * nrate / (Bns * (1 - nrate ) )
pUpper = pUpper + pn

ENDDO
IF Bns = ngroup .and. nrate ** ngroup > conf

* Causes UCL 1o equal 1 if probability of ALL being
. promoted is within the desired control limits

UCL = 1.00000

ELSE

*

Correction to lower the Bns value due to the pUpper
loop exceeded the upper confidence level

UCL = (Bns - 1)/ ngroup

*




ENDIF

ELSE
* Calculate Control Limits using Normal Approximation
Sigma = SQRT ( nrate * (1 - nrate ) / ngroup )

LCL = nrate - 3 * Sigma
UCL = nrate + 3 * Sigma

ENDIF
? "The Lower Control Limitis : ", LCL
? "The Upper Control Limit is : ", UCL

RETURN




END
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